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(g) Ethylene copolymer composition. 
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An ethylene copolymer composition comprising an ethylene/a-olefin copolymer (A-1] which has a 
density, a melt flow rate (MFR), an amount of a n-decane-soluble portion in the specific ranges and 
whose melt tension (MT) at 190 "C and MFR satisfy the relation MT>2.2xMFR-°®*. and one (co)polymer 
selected from the group consisting of [B-1] a low-density polyethylene obtained by high-pressure 
radical polymerization, (B-2] a crystalline polyolefin and [B-3] an olefin type elastomer. Also disclosed is 
an ethylene copolymer composition comprising an ethylene/a-olefin copolymer composition and the 
low-density polyethylene [B-1] obtained by high-pressure radical polymerization, said ethyiene/a-oleHn 
copolymer composition comprising ethylene/a-olefin copolymers [A-2] and [A-3] both having physical 
properties similar to those of the above ethylene/a-olefin copolymer [A-1] and having intrinsic 
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viscosities different from each other. Further disclosed is an ethylene copolymer composition compri- 
sing an ethylene/a-olefin copolymer [A-4] which has a density, a melt flow rate (MFR), a weight of a 
n-decane-soluble portion in the specific ranges and whose melt tension (MT) at 190 *C and MFR satisfy 
the relation MT^2.2XMFR*'^'**, and one (co) polymer selected from the above group consisting of [B-1], 
[B-2] and [B-3], Still further disclosed is an ethylene copolymer composition comprising an ethyle- 
na/a-olefin copolymer composition and a low-density polyethylene [B-4] obtained by high-pressure 
radical polymerization, said ethylene/a-olefin copolymer composition comprising ethylene/a-olefin 
copolymers [A-5] and [A-6] both having physical properties similar to those of the above ethyle- 
ne/a-olefin copolymer (A-4] and having Intrinsic viscosities different from each other. The ethylene 
copolymer compositions of the Invention are excellent In heat stability and moldability. and able to form 
films of high transparency, high mechanical strength and anti-blocking resistance. 
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FIELD OF THE INVENTION 

The present invention relates to ethylene copolymer compositions, more particularly to ethylene copolymer 
compositions which show higher heat stability and moldabiiity as compared with conventional ethylene copo- 
5 lymers or ethylene copolymer compositions and from which films of high transparency, high mechanical 
strength and high blocking resistance can be formed. 

BACKGROUND OF THE INVENTION 

10 Ethylene copolymers have heretofore been molded by various molding methods, and used in many fields. 

The requirement for the characteristics of the ethylene copolymers differs depending on the molding methods 
and uses. For example, when an inflation film is molded at a high speed, it is necessary to select an ethylene 
copolymer having a high melt tension compared with its molecular weight In order to stably conduct high speed 
molding without fluctuation or tearing of bubbles. An ethylene copolymer Is required to have similar character- 

15 istics in order to prevent sag or tearing in blow molding, or to suppress width shortage to the minimum range 
in T-die molding. 

Further, in extrusion moiding. it is important to have small stress under high shearing during extrusion in 
order to improve quality of molded article and reduce electric power consumption &t molding. 

On the other hand, Japanese Patent L-O-P Nos. 90810/1981 and 106806/1985 propose a method for inrv 
20 proving moldabiiity by improving the melt tension and blow ratio (die/swell ratio) of ethylene polymers obtained 
by using Ziegler type catalysts, especially a titanium type catalyst. 

The ethylene polymers obtained by using a titanium catalyst, however, especially the low density ethylene 
polymers generally have problems such as their broad composition distribution and stickiness of their molded 
articles such as films. 

25 Of the ethylene polymers prepared by using the Ziegler type catalysts, those obtained by using chromium 

type catalysts are relatively excellent in melt tension but has a defect of poor heat stability. This is thought to 
be caused by that the chain terminals of the ethylene polymers prepared by using the chromium type catalysts 
tend to become unsaturated bonds. 

It Is known that the ethylene polymers obtained by using a metallocene catalyst from among the Ziegler 

30 type catalysts have merits such as a narrow composition distribution and a low stickiness of their molded ar- 
ticles such as f linns. However, it Is described in, for example Japanese Patent L-O-P. No. 35007/1985, that an 
ethylene polymer obtained by using a zirconocene compound formed from a cycio pentad ienyt derivative con- 
tains one terminal unsaturated bond per molecule, and hence this ethylene polymer is presumably poor in heat 
stability similarly to the above-mentioned ethylene polymer obtained by using the chromium type catalyst. Fur- 

35 ther, because of its narrow composition distribution, this ethylene polymer might show poor f Iowa bility during 
the extrusion molding. 

Accordingly, the advent of ethylene polymers having a small stress under the high-shear region, a good 
heat stability, a high mechanical strength and a narrow composition distribution will industrially be of great val- 
ue. 

40 The present Inventors have earnestly studied in the light of the circumstances as described above. As a 
result, they have found that the ethylene/a-olefin copolymer obtained by copolymerizing ethylene with an a- 
olefin of 3 to 20 carbon atoms in the presence of a specific catalyst for olefin polymerization has a density, a 
melt flow rate (MFR), a temperature (Tm) at which its endothermic curve measured by a differential scanning 
calorimeter (DSC) shows the maximum peak, a flow index (Fl) and an amount of a decane-soluble portion in 

45 the specific ranges, and the melt tension (MT) at 1 90 **C and the melt flow rate (MFR) satisfy the relation MT- 
>2.2xMFR:^-^. The present inventors have also found that such an ethylene/a-olef in copolymer [A-1] as men- 
tioned above Is excellent in melt tension and heat stability and has a narrow composition distribution. However, 
the ethylene/a-olef in copolymer [A-1] is not always well-balanced between the melttension andtheflowability, 
so that a problem sometimes occurs when the copolymer is subjected to extrusion nx>lding to form a film. 

50 The present inventors have further studied and found that the following ethylene copolymer compositions 
(1) to (4) are excellent in heat stability, melt tension and flowabiiity under the high-shear region, and films ob- 
tained from these compositions are excellent in transparency, mechanical strength and blocking resistance. 
(1) An ethylene copolymer composition comprising the aforesaid ethylene/a-olef in copolymer [A-1] and a 
specific low-density polyethylene [B-1] obtained by high-pressure radical polymerization. 

55 (2) An ethylene copolymer composition comprising the aforesaid ethylene/a-olef in copolymer [A-1] and a 
specific crystalline polyolef in [B-2]. 

(3) An ethylene copolymer composition comprising the aforesaid ethylene/a-otef in copolymer [A-1] and a 
specific olefin type elastomer [8-3]. 
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(4) An ethylene copolymer composition comprising an ethylene/a-olef in copolymer composition and a spe- 
cific low-density polyethylene [B-1] obtained by high-pressure radical polymerization, said ethylene/a-ole- 
fin copolymer composition comprising an ethylene/a-olefin copolymer [A-2] having physical properties 

5 similar to those of the aforesaid ethylene/a-olefin copolymer [A-1] and an intrinsic viscosity [r\] In the spe- 

cific range and an ethylene/a-olefin copolymer [A-3] having physical properties similar to those of the 
aforesaid ethylene/a-olef In copolymer [A-1] and an Intrinsic viscosity [t^] In the specific range. 

Further, the present inventors have found that an ethylene/a-olef In copolymer [A-4] obtained by co- 
polymerizing ethylene with an a-olefin of 3 to 20 carbon atoms in the presence of a specific olefin poly* 

10 merization catalyst which is different from the aforementioned olefin polymerization catalyst has a density, 

a meltflow rate (MFR), a temperature (Tm) at which its endothermic curve measured by a differential scan- 
ning calorimeter (DSC) shows the maximum peak and an amount of its decane-soluble portion in the spe- 
cific ranges, and the melt tension (MT) at 190 ""C and the melt flow rate (MFR) satisfy the relation MT^ 
2.2xMFR'<*'^. The present inventors have also found that this ethylene/a-olefin copolymer [A-4] is excel- 

15 lent in heat stability and has a narrow composition distribution. 

As the result of further studies, the present inventors have found that the following ethylene copolymer 
compositions (5) to (8) are excellent in heat stability and melt tension, and films obtained from these conrv 
positions are excellent in transparency, mechanical strength and blocking resistance. 

(5) An ethylene copolymer composition comprising the above-mentioned ethylene/a-olefin copolymer [A- 
20 4] and a specific low-density polyethylene [B-4] obtained by high-pressure radical polymerization. 

(6) An ethylene copolymer composition comprising the above-mentioned ethylene/a-olefin copolymer [A- 
4] and a specific crystalline polyolef in [B-2]. 

(7) An ethylene copolymer composition comprising the above-mentioned ethylene/a-olef In copolymer [A- 
4] and a specific olefin type elastomer [B-3]. 

25 (8) An ethylene copolymer composition comprising an ethylene/a-olefin copolymer compositton and a spe- 
cific low-density polyethylene [B-4] obtained by high-pressure radical polymerization, said ethylene/a-ole- 
fin copolymer composition comprising an ethylene/a<olefin copolymer [A-5] having physical properties 
similar to those of the above-mentioned ethylene/a-olefin copolymer [A-4] and an intrinsic viscosity [t]] in 
the specific range and an ethylene/a-olefin copolymer [A-6] having physical properties similar to those of 

30 the above-mentioned ethylene/a-otef in copolymer [A-4] and an intrinsic viscosity lr\] in the specific range. 
Thus, the present inventors have accomplished the invention. 

OBJECT OF THE INVENTION 

35 It is an object of the present invention to provide ethylene copolymer compositions which are excellent in 

heat stability and melt tension and from which films of high transparency, high mechanical strength and high 
blocking resistance can be obtained. 

SUMMARY OF THE INVENTION 

40 

The first ethylene copolymer composition according to the present invention is an ethylene copolymer conrv 
position comprising: 

[A-1] an ethylene/a-olefin copolymer of ethylene with an a-oief in of 3 to 20 carbon atoms having such prop- 
erties that 

45 (i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 ''C under a load of 2.16 kg is in the range of 0.01 to 200 g/1 0 min, 

(iii) the temperature (Tm ("C)) at which the endothermic curve of said copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

SO (iv) the melt tension (MT (g)) at 190 °C and the melt flow rate (MFR) satisfy the relation 
MT>2.2xMFR-o.w 

(v) the flow index (Fl (1/sec)) defined by a shear rate which is given when a shear stress of molten copolymer 
at 190 ''C reaches 2.4 x 10^ dyne/cm^ and the melt flow rate (MFR) satisfy the relatk>n 
Fl > 75 X MFR, and 

55 (vi) the amount (W (% by weight)) of a decane-soluble portion at 23 ^C and the density (d) satisfy the re- 
lation, 

in the case of MFR ^ 10 g/10 min, 
W < 80 X exp(-100(d-0.88)) + 0.1 
in the case of MFR > 10 g/10 min, 
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W < 80 X (MFR-9)0-2« x exp(-100(d-0.88)) + 0.1; 

and 

[B-1] a high-pressure radical polymerization low-density polyethylene having such properties that 
5 (i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the molecular weight distribution (Mw/Mn, Mw - weight-average molecular weight, Mn = number-aver- 
age molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 
Mw/Mn ^ 7.5 x log(MFR) - 1,2; 
a weight ratio ([A-1]:[B-1]) between said ethylene/a-olefin copolymer (A- 1] and said high-pressure radical poly- 
10 merization low-density polyethylene [B-1] being in the range of 99; 1 to 60:40. 

The second ethylene copolymer composition according the present invention is an ethylene copolymer 
composition comprising: 

[A-1] an ethylene/a-olefin copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms In an amount of 60 
to 99 % by weight, said copolymer having such properties that 
f5 (i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is In the range of 0.01 to 200 g/10 min. 

(iii) the temperature (Tm C'C)) at which theendothermic curve of said copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

20 (iv) the melt tension (MT (g)) at 190 ''C and the melt flow rate (MFR) satisfy the relation 
MT>2.2xMFR-oa*. 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten copolymer 
at 190 ''C reaches 2.4 x 10^ dyne/cm^ and the melt flow rate (MFR) satisfy the relatton 
Fl > 75 X MFR, and 

25 (vi) the amount (W (% by weight)) of a decane-soluble portion at 23 and the density (d) satisfy the re- 
lation, 

in the case of MFR ^ 10 g/10 min, 
W < 80 X exp(-100(d-0.88)) + 0.1 
in the case of MFR > 10 g/10 min, 
30 W < 80 X (MFR-9)0-M x exp(-100(d.0.88)) + 0.1; 

and 

[B-2] at least one crystalline polydef in in an amount of 1 to 40 % by weight, said aystalline pdyolef in being 
selected from the group consisting of: 

(B-1) an ethylene homopolymer or a copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms, pre- 
35 pared by using non-metallocene type catalyst, having a melt flow rate (MFR) of 0.01 to 100 g/10 min at 

1 90 X under a load of 2.16 kg and a density of not less than 0.900 g/cm^ 

(B-ll) a propylene homopolymer or a copolymer of propylene with at least one olefin selected from ethylene 
and an a-olefin of 4 to 20 carbon atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 230 ^'C 
under a load of 2.16 kg and a density of not less than 0.900 g/cm\ and 
40 (B-1 II) a homopolymer of an a-olefin of 4 to 20 carbon atoms or a copolymer of a-olef ins of 4 to 20 carbon 
atoms, having a nfielt flow rate (MFR) of 0.1 to 1 00 g/1 0 min at 230 *>C under a load of 2.1 6 kg and a density 
of not less than 0.900 g/cm^. 

The third ethylene copolymer composition according the present invention is an ethylene copolymer com- 
position comprising: 

45 [A-1] an ethylene/a-olefin copolymer of ethylene with an a-olefin of 3 to 20 carbon atoms in an amount of 60 
to 99 % by weight, said copolymer having such properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 

(iii) the temperature (Tm (^'C)) at which the endothermic curve of said copolymer measured by a differential 
50 scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 **C and the melt flow rate (MFR) satisfy the relation 

MT>2.2x MFR-^^-w^ 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten copolymer 
55 at 190 ''C reaches 2.4 x 10* dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR, and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at 23 "C and the density (d) satisfy the re- 
lation, 

in the case of MFR s 10 g/10 min, 
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W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min. 

W < 80 X (MFR-9)0 2a x exp(-100(d-0.88)) + 0.1; 

5 and 

[B-3] an olefin type elastomer in an amount of 1 to 40 % by weight, said elastomer having such properties that 

(i) the density (d) is not more than 0.900 g/cm^, and 

(ii) the melt flow rate (MFR) at 190 ^'C under a load of 2.16 leg is in the range of 0.01 to 100 g/10 min; a 
density ratio ([B-3]/[A-1]) of the density of said olefin type elastomer [B-3] to the density of said ethyiene/a- 

10 olefin copolymer [A-1] being less than 1. 

The fourth ethylene copolymer composition according the present invention Is an ethylene copolymer conv 
position comprising: 

[la] an ethylene/a-olefin copolymer composition which comprises [A-2] an ethylene/a-olefin copolymer of ethy- 
lene with an a-olef In of 3 to 20 carbon atoms in an amount of 5 to 95 % by weight and [A-3] an ethylene/a- 
15 olefin copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms in an amount of 5 to 95 % by weight, 
said ethylene/a-olefin copolymer [A-2] having such properties that 

(i) the density (d) is in the range of 0.880 to 0.940 g/cm^, 

(ii) the intrinsic viscosity [tia-J as measured in decalin at 135 'C is in the range of 1.0 to 10.0 dl/g, 

(iii) the temperature (Tm (**C)) at which the endothermic curve of said copolymer measured by a differential 
20 scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm<400xd-250, 

(iv) the melt tension (MT (g)) at 190 ''C and the melt flow rate (MFR) satisfy the relation 

MT>2.2xMFR-0-W, 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten copolymer 
25 at 190 ''C reaches 2.4 x 10> dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR, and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation 

W < 80 X exp(-100(d-0.88)) + 0.1. 
30 said ethylene/a-olefin copolymer [A-3] having such properties that 

(i) the density (d) is in the range of 0.910 to 0.960 g/cm3. 

(ii) the intrinsic viscosity [t|a.3] as measured in decalin at 135 is In the range of 0.5 to 2.0 dl/g. 

(iii) the temperature (Tm ("C)) at which the endothermic curve of said copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

35 Tm < 400 X d - 250, and 

(iv) the amount (W (% by weight)) of a decane-solubie portion at room temperature and the density (d) 
satisfy the relatksn, 

in the case of MFR 2 10 g/10 min, 
W < 80 X exp(-100(d-0.88)) 0.1 
40 In the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9)0-2« X exp(-100(d-0.88)) + 0,1, 

said ethylene/a-olefin copolymer composition [la] having such properties that 
(i) the density ratio ([A-2]/IA-3]) of the density of said ethylene/a-olefin copolymer (A-2] to the density of 
said ethylene/a-olefin copolymer [A-3] is less than 1. 
45 (ii) the intrinsic viscosity ratio ([iiA.2]^[nA-3]) of the intrinsic viscosity of saki ethylene/a-olefin copolymer 
[A-2] to the intrinsic viscosity of said ethylene/a-olefin copolymer [A-3] is not less than 1, 

(iii) the density of said composition is in the range of 0.890 to 0.955 g/cnn^, and 

(iv) the melt flow rate (MFR) of said composition at 190 ""C under a load of 2.1 6 kg is in the range of of 0.1 
to 100 g/10 min; 

50 and 

[ll-a] [B-1] a high-pressure radical polymerization low-density polyethylene having such properties that 

(i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min. and 

(ii) the molecular weight distribution (Mw/Mn, Mw » weight-average molecular weight, Mn = number-aver- 
age molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

55 Mw/Mn 2 7.5 x log(MFR) - 1 .2; 

a weight ratio ([la]:[lla]) between said ethylene/a-olefin copolymer composition [la] and said high-pressure rad- 
ical polymerization low-density polyethylene [I la] being In the range of 99:1 to 60:40. 

The first to fourth ethylene copolymer compositions according to the present invention are excellent in 
heat stability, mett tension and flowability under the high-shear region, and films formed from these compo- 
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sitions are excellent in transparency, mechanical strength and blocking resistance. 

The fifth ethylene copolymer composition according to the present invention is an ethylene copolymer 
composition comprising: 

5 [A-4] an ethylene/a-olef in copolymer of ethylene with an a-olefin of 3 to 20 cartK>n atoms having such prop- 
erties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min. 

(iii) the temperature (Tm (°C)) at which theendothermic curve of said copolymer measured by a differential 
10 scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250. 

(iv) the melt tension (MT (g)) at 190 <>C and the melt flow rata (MFR) satisfy the relation 

MT^2.2xMFR-0'M. and 

(v) the amount (W (% by weight)) of a decane-soluble portion at 23 and the density (d) satisfy the re- 
ts lation. 

in the case of MFR £ 10 g/IO min, 

W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9)0-2e x exp(-100(d-0.88)) + 0,1; 

20 and 

[B-4] a high-pressure radical poiymerizatlon low-density polyethylene having such properties that 

(i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min. and 

(ii) the molecular weight distribution (Mw/Mn. Mw - weight-average molecular weight, Mn - number-aver- 
age molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

25 7.5 X log(MFR) - 1.2 ^ Mw/Mn < 7.5 x tog(MFR) + 12.5; a weight ratio ([A-4]:[B-4]) between said 

ethylene/a-olef in copolymer [A-4] and said high-pressure radical polymerization low-density polyethylene 
[B-4] being in the range of 99:1 to 60:40. 

The sixth ethylene copolymer composition according to the present invention is an ethylene copolymer 
composition comprising: 

30 [A-4] an ethylene/a-olef in copolymer of ethylene with an a-o!ef in of 3 to 20 carbon atoms in an amount of 60 
to 99 % by weight, said copolymer having such properties that 
(1) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 

(iii) the temperature (Tm (°C)) at which the endothermic curve of sakj copolymer measured by a differential 
35 scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250. 

(iv) the melt tension (MT (g)) at 190 *'C and the melt flow rate (MFR) satisfy the relation 

MT^2.2xMFR-o ", and 

(v) the amount (W (% by weight)) of a decane-soluble portion at 23 and the density (d) satisfy the re- 
40 lation, 

in the case of MFR ^ 10 g/10 min, 

W < 80 X exp(-100{d-0.88)) + 0.1 

In the case of MFR > 10 g/10 min. 

W < 80 X (MFR-9)0-2» x exp(-100(d-0.88)) + 0.1; 

45 and 

[B-2] at least one crystalline polyolef in in an anwunt of 1 to 40 % by weight, said crystalline polyolef in being 

selected from the group consisting of: 

(B-l) an ethylene homopolymer or a copolymer of ethylene with an a-oief in of 3 to 20 carbon atoms, pre- 
pared by using non-metallocene type catalyst, having a melt flow rate (MFR) of 0.01 to 100 g/10 min at 
50 1 90 ^'C under a load of 2. 1 6 kg and a density of not less than 0.900 g/cm^, 

(B-il) a propylene homopolymer or a copolymer of propylene with at least one olefin selected from ethylene 
and an a-olefin of 4 to 20 carbon atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 230 ^'C 
under a load of 2.16 kg and a density of not less than 0.900 g/cm^. and 

(B-llI) a homopolymer of an a-olefin of 4 to 20 carbon atoms or a copolymer of a-olef ins of 4 to 20 carbon 
55 • atoms, having a melt flow rate (MFR) of 0.1 to 1 00 g/1 0 min at 230 ''C under a load of 2. 1 6 kg and a density 
of not less than 0.900 glcwi^. 

The seventh ethylene copolymer composition according the present invention is an ethylene copolymer 
composition comprising: 

[A-4] an ethylene/a-olef in copolymer of ethylene with an a-olefin of 3 to 20 carbon atoms in an amount of 60 
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to 99 % by weight, said copolymer having such properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^, 

(ii) the melt flow rate (MFR) at 190 ''C under a load of 2,16 kg is in the range of 0.01 to 200 g/10 min, 

5 (iii) the temperature (TmCC)) at which the endothermic curve of said copolymer measured by a differential 

scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 
Tm < 400 X d - 250. 

(iv) the melt tension (MT (g)) at 190 and the melt flow rate (MFR) satisfy the relation 
MTS 2.2 X MFR- and 

10 (v) the amount (W (% by weight)) of a decane-soluble portion at 23 °C and the density (d) satisfy the re- 
lation, 

In the case of MFR ^ 10 g/10 min, 
W < 80 X exp(-100(d-0.88)) + 0.1 
in the case of MFR > 10 g/10 min, 
15 W < 80 X (MFR-9)»-2« X exp(-1 00(d-0.88)) + 0. 1 ; 

and 

[B-3] an olefin type elastomer in an amount of 1 to 40 % by weight, said elastomer having such properties that 

(i) the density (d) is not more than 0.900 g/cm^, and 

(ii) the melt flow rate (MFR) at 190 under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min; 

20 a density ratio ([B-3]/IA-4]) of the density of said olefin type elastomer [B-3] to the density of said ethy- 
lene/a-olef in copolymer [A-4] being less than 1 . 

The eighth ethylene copolynrier composition according the present invention is an ethylene copolymer 
composition comprising: 

[lb] an ethylene/a-olef in copolymer composition which comprises [A-5] an ethylene/a-olef in copolymer of ethy- 
25 lene with an (a-olef in of 3 to 20 carbon atoms in an amount of 5 to 95 % by weight and [A-6] an ethyiene/a- 
olef in copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms in an amount of 5 to 95 % by weight, 
said ethylene/a-olef in copolymer [A-5] having such properties that 

(i) the density (d) is in the range of 0.880 to 0.940 g/cm^ 

(ii) the intrinsic viscosity [ha^s] as measured in decalin at 135 is in the range of 1.0 to 10.0 dt/g, 

30 (iil) the temperature (Tm (X)) at which the endothermic curve of said copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 
Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 "C and the melt flow rate (MFR) satisfy the relation 
MTS2.2xMFR-o.»4. and 

35 (v) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation 

W < 80 X exp(-100(d-a88)) + 0.1, 

said ethylene/a-olef in copolymer [A-6] having such properties that 
(i) the density (d) is in the range of 0.910 to 0.960 g/cm^, 
40 (ii) the Intrinsic viscosity [^At el as measured In decalin at 135 °C is in the range of 0.5 to 2.0 di/g, 

(iii) the temperature (Tm C'C)) at which the endothermic curve of sakl copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, and 

(iv) the amount (W (% by weight]) of a decane-soluble portion at room temperature and the density (d) 
45 satisfy the relatton, 

in the case of MFR s 10 g/10 min, 
W < 80 X exp(-100(d-0.88)) * 0.1 
in the case of MFR > 10 g/10 min, 
W < 80 X (MFR-9)o »» X exp(-1 00(d-0.88)) + 0.1 , 
50 said ethylene/a-olef in copolymer composition [lb] having such properties that 

(i) the density ratio ([A-5]/[A-6]) of the density of said ethylene/a-olefin copolymer [A-5] to the density of 
said ethylene/a-olefin copolymer [A-6] is less than 1, 

(ii) the intrinsic viscosity ratio ([n/v-sl^ElA-e]) the intrinsic viscosity of said ethylene/a-olefin copolymer 
[A-5] to the intrinsic viscosity of said ethyiene/a-oiefin copolymer [A-6] is not less than 1, 

55 (iii) the density of sakj composition is in the range of 0.890 to 0.955 g/cm^, and 

(iv) the melt flow rate (MFR) of said composition at 190 ''C under a load of 2.16 kg is In the range of 0.1 
to 50 g/1 0 min; 

and 

[lib] [B-4] a high-pressure radical polymerization low-density polyethylene having such properties that 



8 



EP 0 575 123 A2 



(i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the nnolecular weight distribution (Mw/Mn, Mw = weight-average molecular weight. Mn = number-aver- 
age molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

5 7.5 X log(MFR) - 1 .2 S Mw/Mn ^ 7.5 x log(MFR) + 12.5; a weight ratio (Elb]:[Ilbl) between said ethy- 

lene/a-olefin copolymer composition [lb] and said high-pressure radical polymerization low-density poly- 
ethylene [lib] being in the range of 99:1 to 60:40. 

The fifth to eighth ethylene copolymer compositions according to the present invention are excellent in 
heat stability and melt tension, and films obtained from these compositions are excellent in transparency, 
10 mechanical strength and blocking resistance. 

DETAILED DESCRIPTION OF THE INVENTION 

The first to eighth ethylene copolymer compositions according to the present invention are described In 
15 detail hereinafter. 

In this specification, the term "polymerization" is used to mean not only homopolymerization but also co- 
polymerization, and the term "polymer" is used to mean not only a homopolymer but also a copolymer. 

[First ethylene copolymer composition] 

20 

The first ethylene copolymer composition according to the present invention is formed from an ethylene/a- 
olefin copolymer [A-1] and a high-pressure radical polymerization low-density polyethylene [B-1]. 

[Ethylene/a-otefin copolymer [A-1]] 

25 

The ethylene/(a-olefin copolymer [A-1] used in the invention is a random copolymer of ethylene with an 
a-olef in of 3 to 20 carbon atones. Examples of the a^olef in of 3 to 20 carbon atoms employable for copolymer- 
ization with ethylene include propylene, 1-butene, 1-pentene. 1-hexene, 4-methyl-1-pentene. 1-octene. 1-de- 
cene, 1-dodecene, 1-tetradecene, 1 -hexadecene, 1-octadecene and 1-eicosene. 
30 In the ethylene/a-olef in copolymer (A-1 ], it is desired that constituent units derived from ethylene are pres- 
ent In an amount of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from an a-olef In of 3 to 20 carbon aton^ are present in an amount of 1 to 45 % 
by weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight. 

In the Invention, the composition of an ethylene/(a-olefin copolymer is determined by ^^c-NMR spectrum 
35 analysis of a sample prepared by uniformly dissolving about 200 mg of the copolymer in 1 ml of hexachloro- 
butadiene in a sample tube usually having a diameter of 10 mms under the conditions of a measuring temper- 
ature of 120 ''C, a measuring frequency of 25.05 MHz, a spectrum width of 1 ,500 Hz, a pulse repetition period 
of 4.2 sec and a pulse width of 6 ^sec. 

The ethylene/a-olef In copolymer [A-1] used in the invention has the following properties (i) to (vi). 
40 (!) The density (d) is usually in the range of 0.880 to 0.960 g/cm^ preferably 0.890 to 0.935 g/cm^ more 
preferably 0.905 to 0.930 g/cm^. 

In the invention, the density (d) of an ethylene/a-olef in copolymer is determined by means of a density 
gradient tube using a strand, which has been obtained at the time of a melt flow rate (MFR) measurement 
described below and which Is treated by heating at 120 for 1 hour and slowly cooling to room temperature 
45 over 1 hour. 

(ii) The melt flow rate (MFR) is usually In the range of 0.01 to 200 g/10 min, preferably 0.05 to 50 g/10 min, 
more preferably 0.1 to 10 g/10 min. 

In the invention, the melt flow rate (MFR) of an ethytene/a-oleftn copolymer is determined in accor- 
dance with ASTM D1238-65T under the conditbns of a temperature of 190 °C and a load of 2.16 kg. 
50 (iii) The temperature (Tm (^C)) at which the endothermic curve of the copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 
Tm < 400 X d - 250, 
preferably Tm < 450 x d - 297, 
more preferably Tm < 500 x d - 344, 
55 particularly preferably Tm < 550 x d - 391 . 

In the invention, the temperature (Tm (X)) at which the endothermic curve of an ethylene/a-olef In 
copolymer measured by a differential scanning calorimeter (DSC) shows the maximum peak is sought from 
an endothermic curve obtained by filling about 5 mg of a sample in an aluminum pan, heating to 200 °C 
at a rate of 10 ''C/min, holding the sample at 200 ^'C for 5 minutes, lowering the temperature to room tem- 



9 



EP 0 575 123 A2 



perature at a rate of 20 "C/min, and then heating at a rate of 10 °C/mjn. This measurement is carried out 
using a DSC-7 type apparatus produced by Perkin Elmer Co. 

(iv) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation: 
5 MT>2.2x MFR-o»*. 

The ethylene/(a-olefin copolymer [A-1] employable for the invention is excellent in melt tension (MT) 
and has good moldablllty. 

In the invention, the melt tension (MT (g)) of an ethylene/a-olefin copolymer is determined by meas- 
uring a stress given when a molten copolymer was stretched at a constant rate. That is, a powdery polymer 

10 was melted in a conventional manner, and the molten polymer was palletized to give a measuring sample. 
Then, the MT of the sample was measured under the conditions of a resin temperature of 190 "C. an ex- 
trusion rate of 1 5 mnVmin and a take-up rate of 1 0 to 20 m/min using a MT measuring apparatus (produced 
by Toyo Seiki Seisakusho K.K.) having a nozzle diameter of 2.09 mm0 and a nozzle length of 8 mm. During 
the pelletizatton, to the ethylene/a-olefin copolymer [A-1] were added tri(2,4-di-t-butyiphenyl)phosphate 

15 as a secondary antioxklant in an amount of 0.05 % by weight, n-octadecyl-3-(4'-hydroxy-3\5'-di-t-butyl- 
phenyl)propionate as a heat stabilizer in an anrwunt of 0.1 % by weight and calcium stearate as a hydro- 
chloric acid absorbent in an amount of 0.05 % by weight. 

(v) The flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of a molten co- 
polymer at 190 ''C reaches 2.4 x 10* dyne/cm^ and the melt flow rate (MFR) satisfy the relation: 

20 Fl > 75 X MFR, 

preferably Fl > 100 x MFR, 
more preferably Fl > 120 x MFR. 
The ethylene/a-olefin copolynrar[A-1] whose Fl and MFR satisfy the above-mentioned relation shows 
a small processing torque because a low stress can be kept even at a high-shear rate, and has good mold- 
25 ability. 

In the invention, the flow index (Fl) of an ethylene/a-oiefin copolymer is defined by a shear rate which 
is given when a shear stress reaches 2.4 x 1 0* dyne/cm^ at 190 "C. The flow index (Fl) is determined by 
extruding a resin from a capillary while changing a shear rate and measuring the shear rate given when 
the shear stress reaches the above-mentioned value. In this measurement, the same sample as described 

30 in the above-mentk)ned MT measurement is used, and the Fl Is measured under the conditions of a resin 
temperature of 1 90 "C and a shear stress of about 5x10* to 3x10* dyne/cm^ using a capillary type flow 
property tester produced by Toyo Seiki Seisakusho K.K. 

In the measurement a diameter of the nozzle (capillary) is changed as follows depending on the MFR 
(g/10 mtn) of the resin to be measured: 

35 in the case of MFR > 20 : 0,5 mm 

in the case of 20 ^ MFR > 3 :1.0 mm 
in the case of 3 ^ MFR > 0.8 : 2.0 mm, and 
in the case of 0.8 ^ MFR : 3.0 mm. 

(vi) The quantity fraction (W (% by weight)) of a n-decane-soluble component at 23 "C and the density (d) 
40 satisfy the relatton: 

in the case of MFR ^ 10 g/10 min. 
W < 80 X exp(-100(d-0.88)) + 0.1 , 
preferably W < 60 x exp(-100(d-0.88)) + 0.1, 
more preferably W < 40 x exp(-100(d-0.88)) ••■ 0.1, 
45 in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9)»M X exp(-100(d-0.88)) + 0.1. 
In the invention, the measurement of the n-decane-soluble component quantity of an ethyiene/a-olefin 
copolymer (polymer having a smaller soluble component quantity has a narrower composition distribution) is 
carried out by adding about 3 g of the copolymer to 450 ml of n-decane, dissolving the copolymer at 145 "^C, 
50 cooling the resulting solution to 23 *^C, removing a n-decane-insoluble portion by filtering, and recovering a n- 
decane-soluble portion from the filtrate. 

It may be concluded that the ethyiene/a-olefin copolymer [A-1] which satisfies the above mentioned re- 
lation between the temperature (Tm) at which the endothermic curve measured by a differential scanning cal- 
orimeter (DSC) shows the maximum peak and the density (d), and the relation between the quantity fraction 
55 (W) of a n-decane-soluble component and the density (d), has a narrow composition distribution. 

Further, the number of unsaturated bond present in the molecule of the ethylene/a-olefin copolymer (A- 
1] desirably is not more than 0.5 per 1 .000 carbon atoms and less than 1 per one molecule of the copolymer. 

In the invention, the number of unsaturated bond of an ethylene/a-olefin copolymer is determined by 
means of ^^-NMR, that is, an area intensity of signals assigned to bond other than double bond, l.e., signals 
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within the range of 10 to 50 ppm, and an area intensity of signals assigned to double bond, i.e., signals within 
the range of 105 to 150 ppm, are sought from the integral curve, and the number of the unsaturated bond is 
determined as a ratio thereof. 
5 The ethylene/a-olef in copolymer [A-l] having the properties as mentioned above can be prepared by co- 

polymerizing ethylene with an a-olef in of 3 to 20 carbon atoms in the presence of an olefin polymerization cat- 
alyst (1 ) or a prepolymerization catalyst (1) formed from (a-1) a transition metal compound catalyst component, 
(b) an organoalumlnum oxy-compound catalyst component, (c) a carrier, and rf necessary, (d) an organoalu- 
minum compound catalyst component, alt components being described later, in such a manner that the result- 
to ing copolymer would have a density of 0.880 to 0.960 g/cm^. 

First, the transition metal compound catalyst component (a-1) is explained below. 
The transition metal compound catalyst component (a-1) (sometimes referred to as "component (a-l)" 
hereinafter) is a compound of a transition metal in Group IVB of the periodic table which has a bidentate ligand 
formed by bonding two groups selected from specific indenyl or substituted Indenyl groups through a lower 
15 alkylene group, or a compound of a transition metal in Group IVB of the periodic table which has as a ligand 
a cydopentadlenyi group having 2-5 substituent groups selected from methyl groups and ethyl groups. Con- 
cretely, the component (a-1) is a transition metal compound represented by the following formula [I] or 01] 

MKUx-2 [I] 

In the formula [I], M is a transition metal atom selected from Group IVB of the periodic table, K and V are 
20 each a ligand coordinating to the transition metal atom. The ligand K is a bidentate ligand formed by bonding 
the same or different indenyl groups, substituted indenyl groups or their partially hydrogenated products 
through a lower alkylene group, and the ligand V is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy 
group, an aryloxy group, a halogen atom, a trialkylsilyl group or a hydrogen atom. X is a valance of the transition 
metal atom M. 

25 ML^x [II] 

In the formula [II], M is a transition metal atom selected from Group IVB of the periodic table, is a ligand 
coordinating to the transition metal atom, at least two of are substituted cydopentadlenyi groups having 2 
- 5 substituent groups selected from methyl group and ethyl group, and other than the substituted cydo- 
pentadlenyi group is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a halogen 
30 atom, a trialkylsilyl group or a hydrogen atom. X is a valance of the transition metal atom M. 

In the above fornmjia [I], M is a transition metal atom selected from Group IVB of the periodic table, and it 
is concretely zirconium, titanium or hafnium, preferably zirconium. 

K Is a ligand coordinating to the transition metal atom, and is a bidentate ligand formed by bonding the 
same or different indenyl groups, substituted indenyl groups or partially hydrogenated products of the indenyl 
35 or substituted indenyl groups through a lower alkylene group. 

Concrete examples thereof indude ethylenebisindenyl group, et hylenebis(4, 5, 6, 7-tetra hydro- 1- indenyl) 
group, ethylenebis(4-methyl-1 -indenyl) group, ethylenebis(5-methyl-1-lndenyl) group, ethylenebis (8-methyl- 
1 -indenyl) group and ethylenebis(7-methyl-1 -indenyl) group. 

is a hydrocarbon group of 1 to 12 cart>on atoms, an alkoxy group, an aryloxy group, a halogen atom, a 
40 trialkylsilyl group or a hydrogen atom. 

Examples of the hydrocart)on group of 1 to 12 carbon atoms Include alkyi group, cycloalkyi group, aryl 
group and araikyi group. Concrete examples thereof include alkyI group such as methyl group, ethyl group, 
n-propyi group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group, pentyl group, 
hexyl group, octyl group, 2-ethylhexyl group and decyi group; cydoalkyi group such as cydopentyl group and 
45 cydohexyl group; aryl group such as phenyl group and tolyl group; and araikyi group such as benzyl group 
and neophyl group. 

Examples of the alkoxy group include methoxy group, ethoxy group, n-propoxy group, Isopropoxy group, 
n-butoxy group, isobutoxy group, sec-butoxy group, t-butoxy group, pentoxy group, hexoxy group and octoxy 
group. 

50 Examples of the aryloxy group include phenoxy group and the like. 

Examples of the halogen atom indude fluorine, chlorine, bromine and iodine. 

Examples of the trialkylsilyl group indude trimethylsilyl group, triethylsilyl group and triphenylsiiyi group. 
Listed below are examples of the transition metal compound represented by the formula [I]. 
Ethylenebis(indenyl)zlrconlum dichloride, 
55 Ethylenebis(4-methyl-1-indenyl)zirconium dichloride, 

Ethylenebis(4,5.6.7-tetrahydro-1-indenyl)zlrconlum dichloride, 

Ethylenebis(5-methyl-1-indenyl)zirconium dichloride. 

Et hylenebis(6-met hyl- 1 -indenyl)zirconium d ichloride, 

Ethylenebis(7-methyl-1-indenyl)zirconium dichloride, 
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Ethylenebis(4-methyl-1-indenyl)zirconium dibromide, 

Ethylenebis(4-methyl-1-ind8nyl)2irconium methoxychloride, 

Ethylenebis(4-methyl-1-indenyl)zirconjuni ethoxychloride, 

Et hylenebis(4-met hyl- 1 -indenyl)zirconium butoxychloride, 

Ethylenebis(4-methyl-1-indenyl)zirconium dimethoxide, 

Ethylenebis(4-methyl-1-indenyl)zirconium methytchioride 

Ethylenebis(4-methyl-1-indenyl)dimethylzirconium. 

Ethylenebis(4-methyl-1-indenyl)ztrconium benzyichloride, 

Ethylenebis(4-methyl-1-indenyl)dibenzylzirconlum, 

Ethylenebis(4-methyl-1-indenyl)zirconium phenylchloride, and 

Ethylenebls(4-methyl-1-indenyl)zlrconium hydride chloride. 
Also employable in the invention are transition metal compounds obtained by substituting titanium metal 
or hafnium metal for the zirconium metal in the above-exemplified zirconium compounds. 

Of the above-exemplified transition metal compounds represented by the formula [I], particularly preferred 
are ethylenebis(indenyl)zirconium dichloride, ethylenebis(4-methyl-1-indenyl)zirconium dichloride and ethyle- 
nebis(4,5,6,7-t8trahydro-1 -lndenyf)zirconium dichloride. 

In the above-mentioned formula [11], M is a transition metal selected from Group IVB of the periodic table, 
and concrete preferable examples of M include zirconium, titanium and hafnium. Of these, particularly prefer- 
red is zirconium. 

L2 is a ligand coordinated to the transition metal, and at least two of them are substituted cyclopentadienyl 
groups having 2 - 5 of substltuents selected from methy) group and ethyl group. Each of ligand may be the 
same or different The substituted cyclopentadienyl groups are the substituted cyclopentadienyl groups having 
2 or more of substltuents, preferably the substituted cyclopentadienyl groups having 2 or 3 of substltuents, more 
preferably the substituted cyclopentadienyl groups having two substltuents. particularly the 1 ,3-substituted cy- 
clopentadienyl groups. Each of substituent may be the same or different. 

In the above-mentioned formula [11], ligand other than the substituted cyclopentadienyl group is a hy- 
drocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryioxy group, halogen, trialkylsilyl group or hy- 
drogen as similar to the ligand U in the above-mentioned formula p]. 

The transition metal compound represented by the general formula [II] Include, for example, 

Bis(dlmethylcyclopentadienyl)zirconium dichloride. 

Bis(diethyicyclopentadienyl)zlrconium dichloride, 

Bis(methylethylcyclopentadienyl)zirconium dichloride, 

Bis(dimethylethylcyclopentatienyi)zirconium dichloride, 

Bis(dimethylcyclopentadienyl)zirconium dibromide, 

Bis(dimethylcyclopentadienyl)zirconium methoxychloride, 

Bis(dimethylcyclop6ntadienyl)zirconium ethoxychloride, 

Bis(dimethylcyclopentadienyl)zirconium butoxychloride, 

Bis(dimethylcyclopentadi6nyl)zirconium diethoxide, 

Bis(dimethylcyclopentadienyl)zirconium methylchloride, 

Bis(dimethylcyclopentadienyl)zirconium dimethyl, 

Bis(dimethylcyclopentadieny1)zirconium benzylchloride, 

Bis(dimethylcyclopentadienyl)zirconium dibenzyl, 

Bis(dimethylcyclopentadienyl)zirconlum phenylchloride, and Bis(dlmethytcyclopentadlenyl)zirconium 
hydndechloride. 

In the above exemplified compounds, di-substituted cyclopentadienyl include 1,2- and 1 .3-substituted, and 
tri-substituted include 1,2,3- and 1,2,4-substituted. 

There may also be used transition metal compounds obtained by substituting titanium or hafnium for zir- 
conium in the above-exemplified zirconium compounds. 

In the above-mentioned transition metal compounds represented by the general formula [II], particularly 
preferred is 

Bis(1,3-dimethylcyclopentadienyl)zirconium dichloride, 
6is(1,3-diethyicyclopentadienyl)zirconium dichloride, or 
Bis(1-methyt-3-ethylcyclopentadienyl)zirconium dichloride. 
Next, the organoaluminum oxy-compound (b) [hereinafter sometimes referred to as component (b)] is ex- 
plained below. 

The organoaluminum oxy-compound (b) may be a known benzene-soluble alumlnoxane or the benzene- 
insoluble organoaluminum oxy-compound having been disclosed in Japanese Patent L-O-P No. 276807/1990. 
The above-mentioned aluminoxane may be prepared, for example, by the following procedures: 
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(1) a procedure for recovering an aiuminoxane as its hydrocarbon solution which comprises adding an or- 
ganoaluminum compound such as triaikyi aluminum to a suspension in a hydrocarbon medium of a com- 
pound containing adsorbed water, ore salt containing water of crystallization such as magnesium chloride 

5 hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and cerium chloride hy- 

drate, and reacting the organoaluminum compound; and 

(2) a procedure for recovering an aiuminoxane as its hydrocarbon solution which comprises reacting water, 
ice or steam directly with an organoaluminum compound such as trialkylalumlnum in a solvent such as 
benzene, toluene, ethyl ether and tetrahydrofuran. 

10 (3) a procedure for recovering an aiuminoxane which comprises reacting an organotin oxide such as dime- 
thyltinoxide and dibutyltinoxide with an organoaluminum compound such as trial kyialuminum in a solvent 
such as decane, benzene or toluene. 

Moreover, the aiuminoxane may contain a small amount of an organometal component. Furthermore, the 
solvent or unreacted organoaluminum compound may be removed from the above-mentk>ned recovered alu- 
15 minoxane-containing solution, by distillation, and the aiuminoxane may be redissolved in a solvent. 

Concrete examples of the organoaluminum compound used for the preparation of the aiuminoxane include 
trialkylalumlnum such as trimethylaluminum, triethylaluminum, tripropylalumlnum, triisopropylalumi- 
num. tri-n-butylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylalumi- 
num, trihexylaluminum, trtoctylaluminum and tridecylaluminum; 
20 tricycloalkyialuminums such as tricydohexylaluminum and tricydooctyl aluminum; 

dialkylatuminum halides such as dimethylaluminum chloride, diethylalumlnum chloride, diethylalumi- 
num bromide and diisobutylalumunum chloride; 

dialkylaluminum hydrides such as diethylalumlnum hydride and diisobutylaluminum hydride; 
dlalkylaluminum alkoxides such as dimethylatuminum methoxide and diethylaluminum ethoxide; and 
25 dialkylaluminum aryloxides such as diethylalumlnum phenoxide. 

Of these compounds, trialkylalumlnum is particularly preferable. 

Furthermore, there may also be used as the organoaluminum compound isoprenyl aluminum represented 
by the general formula 

(i.C4H9)xAly(C6Hio), 
30 wherein x. y and z are each a positive number, and z ^ 2x. 

The organoaluminum compounds mentioned above may be used either singly or in combination. 
Solvents used for the solutions of the aiuminoxane include aromatic hydrocarbons such as benzene, tol- 
uene, xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, 
dodecane, hexadecane and octadecane; aiicyclic hydrocart>ons such as cydopentane, cydohexane. cydooc- 
35 tane and methylcyclopentane; petroleum fractions such as gasoline, kerosene and gas oil; and halogenated 
compounds derived from the above-mentioned aromatic hydrocarbons, aliphatic hydrocarbons and alicydic 
hydrocarbons, especially chlorinated and brominated hydrocarbons. 

In addition, there nnay also be used ethers such as ethyl ether and tetrahydrofuran. Of these solvents as 
exemplified above, aromatic hydrocarbons are particularly preferred. 
40 The benzene-insolubie organoaluminum oxy-compounds used as component (b) contain an Al component 
soluble in benzene at 60''C in an amount of not greater than 10%. preferably not greater than 5%, particularly 
preferably not greater than 2% in tern^ of Al atom, and they are insoluble or sparingly soluble in benzene. 

Solubility in benzene of such organoaluminum oxy-compounds as mentioned above is obtained by sus- 
pending in 100 ml of benzene the organoaluminum oxy-compound in an amount corresponding to 100 n>g 
45 atoms in terms of Al. mixing the resulting suspension at 60X for 6 hours with stirring, filtering the resulting 
mixture with a G-5 glass filter equipped with a jacket kept at 60^C, washing 4 times the solid portion separated 
on the filter with 50 ml of benzene at eCC, and measuring the amount (x mmole) of Al atoms present in the 
whole filtrate. 

Next, the carrier (c) is explained below. The carrier (c) [hereinafter sometimes referred to as component 
50 (c)] is a solid inorganic or organic compound in granules or fine particles having a partide size of 10 to 300 
^m, preferably 20 to 200 ^m. Of these carriers, porous oxides are preferable as inorganic carriers. Concrete 
examples of the oxide carriers include Si02, AI2O3, MgO, ZrOa, Tt02, 8203, CaO, ZnO, BaO, Th02, or a mixture 
of these compounds such as Si02-MgO, Si02-Al203, SiOrT102. SiOrV206, Si02-Cr203 and SIOz-TiOz-MgO. 
Of these carriers, preferred are those comprising at least one compound selected from the group consisting 
55 of Si02 and AI203 as a major component. 

Furthermore, the above-mentioned inorganic oxide or oxides may also contain a small amount of a car- 
bonate, a sulfate, a nitrate and an oxide such as Na2C03, K2CO3, CaCOs, MgCOs, Na2S04, Al2(S04)3, BaS04. 
KNO}. Mg(N03)2, AKNOj)}, Na20, K2O and UO2. 

Though the porous inorganic carriers have different properties among them depending on the types and 
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preparation methods thereof, the carriers preferably used In the Invention have a specific surface area of 50 
to 1 000 mVg, preferably 1 00 to 700 m^/g, a pore volume of desirably 0.3 to 2.5 cm2/g. The carriers are prepared 
if necessary by firing at a temperature of 100 to 1000°C, preferably 150 to 700°C. 

Moreover, there can be mentioned organic compounds In solid granules or fine solid particles each having 
a particle size of 10 to 300 ^m as carriers which can be used as the component (c). Examples of these organic 
compounds include (co)polymers containing as the main component constituent units derived from an a-olef In 
of 2 to 14 carbon atoms, such as ethylene, propylene, 1-butene and 4-methyl-1-penten6, or polymers or co- 
polymers containing as the nr^in component constituent units derived from vinylcydohexane or styrene. 

Next, the optionally used organoaluminum compound catalyst component (d) is explained below. 

Examples of the organoaluminum compound (d) [hereinafter sometimes referred to as component (d)] in- 
clude an organoaluminum compound represented by the following formula [HI]. 

R^nA!X3.n (llll 

wherein is a hydrocarbon group of 1 to 12 carbon atoms, X is halogen or hydrogen, and n is 1 to 3. 

In the above formula [III], is a hydrocarbon group of 1 to 12 carbon atoms, for example, an alkyi group, 
a cycloalkyi group or an aryl group. Concrete examples of R^ include methyl, ethyl, n-propyl, Isopropyl, isobutyl, 
pentyl, hexyl, octyt, cyclopentyl, cydohexyl, phenyl and tolyl. 

Concrete examples of such organoaluminum compounds (d) include 
trialkylaluminum such as trimethylalumtnum, triethylaluminum, triisopropylaluminum, triisobutyfalumi- 
num. trioctylaluminum and tri-2'ethylhexylaluminum; 
alkenylaluminum such as isoprenylaluminum; 

dialkyialuminum halides such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylalu- 
minum chloride, diisobutyl aluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides such as methyialuminum sesquichloride, ethylaluminum sesquichloride. 
isopropylaluminum sesquichloride. butylalumlnum sesquichloride and ethylaluminum sesqulbromide; 

alkylaJuminum dihalldes such as methyialuminum dichlorkle, ethylaluminum dichioride, Isopropylalumi- 
num dichlorkie and ethylaluminum dibromide; and 

alkylaluminum hydrides such as diethylaluminum hydride and diisobutylaluminum hydrkJe. 
Furthermore, there may also be used other organoaluminum compounds represented by the following for- 
mula [IV] as the organoaluminum compound catalyst component (d); 

R^«AIY3.n DV] 

wherein Ri is as defined previously, Y is -0R2, -OSIR^s, -0AIR\, -NR^. -SIR^ or -N(R7)AIR«2. n Is 1 to 2, R2 
R3. R^ and R^ are each methyl, ethyl, isopropyl, Isobutyl, cydohexyl or phenyl, R® Is hydrogen, methyl, ethyl, 
isopropyl, phenyl or trimethylsilyl, R* and R^ are each methyl or ethyl. 

The organoaluminum compounds as mentioned above Include, In concrete, such compounds as enumer- 
ated beiow. 

(1) Compounds of the formula R^nAJ(OR2)3. „ such as dimethylaluminum methoxide, diethylaluminum eth- 
oxide and diisobutylaluminum methoxide. 

(2) Compounds of the formula RinAI(0SiR>3)».n such as Et2AI(OSiMe3), (iso-Bu)2AI(OSiMe3) and (iso- 
Bu)2AI(OSiEt3). 

(3) Compounds of the formula RinAI(OAiR^2)3>n such as Et2AIOAIEt2 and (iso-Bu)2AIOAI (iso-Bu)2. 

(4) Compounds of the formula RinAI(NRB2)3.n such as Me2AINEt2. EtzAINMMe, MejAINHEt, EtzAINCSi- 
Me3)2, (iso-Bu)2AIN(SiMe3)2. 

(5) Compounds of the formula R^nAI(SiRS)3.n such as (]so-Bu)2AISiM63. 

(6) Compounds of the formula 



RlnAl(NAlR82)3.n 

I 



such as 



Et2AJlNAlEt2 and (iso-Bu) 2AINAI (iso-Bu) 2 . 
I I 
Me Et 
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Of the organoaluminum compounds as exemplified above, preferred are those having the formulas 
Ri^l(OR2)3.„ and R^^KOAIR^Ja^n. 
and particularly preferred are those having the above-mentioned formulas in which R^ is isoalkyi and n Is 2. 
5 The ethylene/a-olef in copolymer [A-1] used In the present Invention can be prepared by the olefin poly- 

merization catalyst (1) formed by contacting the above-mentioned components (a-1), (b), (c) and if necessary, 
component (d). Though the mixing of these components (a-1), (b), (c) and (d) may be conducted in arbitrarily 
selected order, the mixing and contacting is preferably conducted in the order of: 

mixing and contacting the components (b) and (c), followed by mixing and contacting the component 
10 (a-1), and if necessary, mixing and contacting the component (d). 

The mixing of the above-mentioned components (a-1), (b), (c) and (d) can be carried out in an inert hy- 
drocarbon. 

As the inert hydrocarbon solvent for preparing the catalyst, there may be mentioned an aliphatic hydro- 
carbon, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosene; 
15 an alicyclic hydrocarbon, such as cydopentane, cyctohexane and methylcyclopentane; 

an aromatic hydrocarbon, such as benzene, toluene and xylene; 

a haiogenated hydrocarbon, such as ethylene chloride, chlorobenzene and dichloromethane; and a mix- 
ture thereof. 

In contacting and mixing of the components (a-1), (b), (c) and if necessary, component (d), the component 
20 (a-1) is used usually in an amount of5x10-^to5x1(H mol, preferably 1x10-^to2x1(Hnnol based on 1 g 
of the component (c), and the concentration thereof is1x1(H to 2x10-2 mol/l, preferably 2 x 1(H to 1 x 
10-2 mol/l. The atomic ratio (Al/transition metal) of the aluminum in the component (b) to the transitton metal 
in the component (a-1) is usually 10 to 500, preferably 20 to 200. The atomic ratio (AI-d/AI-b) of the aluminum 
atoms (Al-d) in the component (d) optionally used to the aluminum atoms (Al-b) In the component (b) is usually 
25 0.02 to 3, preferably 0.05 to 1 .5. 

The components (a-1), (b) and (c), and if necessary, the component (d) are mixed and contacted at a tenv 
perature of usually -50 to ISO"* C. preferably -20 to 120'' C, with a contact time of 1 minute to -50 hours, pre- 
ferably 10 minutes to 25 hours. 

In the catalyst (1) for olefin polymerization obtained as described above, it is desirable that the transition 
30 metal derived from component (a-1) is supported in an amount of5x10^to5x10^g atom, preferably 1 x 
1O'Sto2x10-^g atom, and aluminum derived from components (b) and (d) is supported in an annount of 
10-3 to 5 X 10-2 g atom, preferably 2x10^to2x10-2g atom, all the amounts being based on 1 g of the conv 
ponent (c). 

Further, the catalyst for preparing the ethylene/a-olef in copolymer [A-1] used in the present invention may 

35 be a prepolymerized catalyst (1) obtained by prepolymerization of olefin in the presence of the above- 
mentioned components (a-1), (b) and (c), and if necessary, (d). 

The prepolymerized catalyst (1) can be prepared by mixing the component (a-1), the component (b), the 
component (c), and if necessary, the component (d). introducing olefin to the resulting mbcture in the inert hy- 
drocarbon solvent, and carrying out prepolymerization. 

40 The olefins which can be prepolymerized include ethylene and a-olef ins each having 3 to 20 carbon atoms, 
for example, propylene, 1-butene, 1-pentene,4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene 
and l-tetradecene. Of these, particularly preferred is ethylene or the combination of ethylene and a-olef in 
used in the polymerization. 

During the prepolymerization, the component (a-1) is used usually in a concentration of is 1 x 10-^ to 2 x 

45 1 0-2 mol/l, preferably 5 x 1 0^ to 1 x 10-2 mol/l and amount thereof is usually 5 x 1 0-« to 5 x 1 0-^ mol, preferably 
1x10-^to2x10-4mol based on 1 g of the component (c). The atomic ratio (Al/transition metal) of the aluminum 
in the component (b) to the transition metal in the component (a-1) is usually 10 to 500, preferably 20 to 200. 
The atomic ratio (Al-d/ Al-b) of the aluminum atoms (Al-d) in the component (d) optionally used to the aluminum 
atoms (Al-b) in the component (b) is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymerization is carried 

50 out at a temperature of -20 to 80°C, preferably 0 to 60°C, with a time of 0.5 to 100 hours, preferably 1 to 50 
hours. 

The prepolymerized catalyst (1) can be prepared as described below. First, the carrier (component (c)) is 
suspended in the inert hydrocarbon. To the suspension, the organoaluminum oxy-compound catalyst compo- 
nent (component (b)) is introduced, and reacted for predetermined period. Successively, supernatant is re- 
55 moved, and the resulting solid component is re-suspended in the inert hydrocarbon. Into the system, the tran- 
sition metal compound catalyst component (component (a-1)) is added and reacted for predetermined period. 
Then, supernatant is removed to obtain a solid catalyst component. Continuously, the solid catalyst component 
obtained above is added into inert hydrocarbon containing the organoaluminum compound catalyst component 
(component (d)), and olefin is introduced therein to obtain the prepolymerized catalyst (1). 
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An amount of prepolymerized polyolef in produced in the prepolymerization is, desirably based on 1 g of 
the carrier (c), of 0.1 to 500g, preferably 0.2 to 300g, more preferably 0.5 to 200 g. In the prepolymerized cat- 
alyst (1), component (a-1) is desirably supported in an amount In terms of transition metal atom, based on 1 
5 g of the carrier (c). of about 5x1CHto5x10-»g atom, preferably 1 x 1 0-* to 2 x 1 0-* g atom. Further, a molecular 
ratio (Al/M) of aluminum atom (Al) derived from components (b) and (d) to transition metal atom (M) derived 
from component (a-1) is usually 5 to 200, preferably 10 to 150. 

The prepolymerization may be carried out either batchwise or continuously, and under reduced pressure, 
normal pressure or applied pressure. During the prepolymerization, hydrogen may be allowed to be present 
10 to obtain a prepolymer desirably having an intrinsic viscosity [q] of 0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as meas- 
ured in decalin at least 135°C. 

The ethylene/a-olefin copolymers [A-1 ] used In the present Invention are obtained by copolymerizlng ethy- 
lene with an a-olef in having 3 to 20 carbon atoms such as propylene. 1-butene, 1-pentene« 1-hexene. 4-methyl- 
1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene in 
IS the presence of the olefin polymerization catalyst (1) or the prepolymerized catalyst (1 ). 

Copolymerization of ethylene and a-olefin is carried out In a gas phase or liquid phase, for example, in 
slurry. In the slurry polymerization, an Inactive hydrocarbon or the olefin itself may be used as a solvent. 

Concrete examples of the Inactive hydrocari^on solvent include aliphatic hydrocarbons such as butane, 
isobutane. pentane, hexane, octane, decane, dodecane, hexadecane and octadecane; alicydic hydrocarbons 
20 such as cyclopentane, methylcydopentane, cyclohexane and cyclooctane; aromatic hydrocarbons such as 
benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and gas oil. Of these inactive 
hydrocarbons, preferred are aliphatic hydrocarbons, alicydic hydrocarbons and petroleum fractions. 

When the copolymerization is carried out by the slurry method or the gas phase method, the olefin poly- 
merization catalyst (1) or the prepolymerized catalyst (1 ) is used at such amount that the concentration of the 
25 transition metal compound becomes usually 1 0-^ to 1 0-^ g atonrVliter, preferably 1 0-^ to 1 0^ g atom/liter in terms 
of the transition metal In the polymerization reaction system. 

Furthermore, In the polymerization, an organoaluminum oxy-compound similar to the catalyst component 
(b) and/or an organoaluminum compound (d) may be added. In this case, the atomic ratio (Al/M) of the alumi- 
num atom (Al) derived from the organoaluminum oxy-compound and the organoaluminum compound to the 
30 transition metal atom (M) derived firom the transition metal compound catalyst component (a-1) Is 5 to 300. 
preferably 10 to 200, more preferably 15 to 150. 

When the ethylene/a-olefln copolymer [A-1] is prepared by the slurry polymerization, the polymerization 
temperature is usually -50 to 100°C, preferably 0 to SO'C. When the ethylene/a-olefin copolymer [A-1] Is pre- 
pared by the gas phase polymerization, the polymerization temperature is usually 0 to 120°C, preferably 20 
35 to100°C. 

The polymerization is carried out usually at a normal pressure to 100 kg/cm^, preferably under a pressure 
condition of 2 to 50 kg/cm^. The polymerization can be carried out either batchwise, semk:ontinuously or con- 
tinuously. 

Furthermore, the polymerization may also be carried out In not less than 2 steps having reaction conditions 
40 different from each other. 

[High-pressure radical potymerlzatton low-density polyethylene [B-1]] 

The high-pressure radical polymerization low-density polyethylene [B-1] used in the invention is a branch- 
es ed polyethylene having a number of long chain branches prepared by so-called high-pressure radical polymer- 
ization, and has a melt flow rate (MFR), as determined in accordance with ASTM D1238-65T under the con- 
ditions of a temperature of 1 90 ""C and a load of 2.1 6 kg, of 0.1 to 50 g/10 min, preferably 0.2 to 1 0 g/1 0 min. 
more preferably 0.2 to 8 g/10 min. 

In the high-pressure radical polymerization low-density polyethylene [B-1] used In the invention, the Index 
so of the molecular weight distributk}n (Mw/Mn, Mw = weight-average nnolecular weight, Mn = number-average 
molecular weight) measured by means of gel permeation chromatography (GPC) and the melt flow rate (MFR) 
satisfy the relation: 

Mw/Mn g 7.5 x log(MFR) - 1.2, 
preferably Mw/Mn 2 7.5 x log(MFR) - 0.5. 
55 more preferably Mw/Mn 2 7.5 x log(MFR). 

In the invention, the molecular weight distribution (Mw/Mn) of a high-pressure radical polymerization low- 
density polyethylene is determined as follows using GPC-150C produced by Miiipore Co. 

That is, in a column of TSK-GNH-HT having a diameter of 72 mm and a length of 600 mm, a sample (con- 
centration: 0.1 % by weight, amount: 500 microliters) is moved under the conditions of a moving rate of 1.0 
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ml/min and a column temperature of 140 using o-dichlorobenzene (available from Wako Junyaku Kogyo 
K.K.) as a mobile phase and 0.025 % by weight of BHT (available from Takeda Chemical Industries. Ltd.) as 
an antioxidant. As a detector, a differential refractometer is used. The standard polystyrenes of Mw<1,000 and 
5 Mw>4x10®are availablefrom Toso Co., Ltd., and those of 1,OOO<Mw<4x1O0 are available from Pressure Chenv 
ical Co. 

The high-pressure radical polymerization low-density polyethylene [B-1] used In the invention desirably 
has a density (d) of 0.910 to 0.930 g/cm^. 

In the invention, the density of a low-density polyethylene is determined by means of a density gradient 
10 tube using a strand which has been obtained in the above-mentioned melt flow rate (MFR) measurement and 
which is treated by heating at 120 °C for 1 hour and slowly cooling to room temperature over 1 hour. 

Further, in the high-pressure radical polymerization low-density polyethylene [B-1] used in the Invention, 
a swell ratio indicating a degree of the long chain branch, namely, a ratio (Ds/D) of a diameter (Ds) of a strand 
to an inner diameter (D) of a nozzle, is desirably not less than 1 .3. The strand used herein Is a strand extruded 
15 from a nozzle having an inner diameter (D) of 2.0 mm and a length of 15 mm at an extrusion rate of 10 mm/min 
and a temperature of 190 using a capillary type flow property tester. 

The high-pressure radical polymerization low-density polyethylene [B-1] as mentioned above may be a 
copolymer obtained by copolymerizing ethylene with a polymerizable monomer such as other a-olef in, vinyl 
acetate or acrylic ester, provided that the object of the invention is not marred. 

20 

[Ethylene copolymer composition] 

The first ethylene copolymer composition according to the invention comprises the aforementioned ethy- 
lene/a-olef in copolymer [A- 1] and the high-pressure radical polymerization low-density polyethylene [B-1], and 
25 a weight ratio ([A-1]: [B-1]) between the ethylene/a-olef in copolymer [A-1] and the high-pressure radical poly- 
merization low-density polyethylene [B-1] Is usually in the range of 99:1 to 60:40, preferably 98:2 to 70:30, more 
preferably 98:2 to 80:20. 

When the amount of the high-pressure radical polymerization low-density polyethylene [B-1] is less than 
the lower limit of the above range, the resulting composition is sometimes improved insufficiently in the trans- 
30 parency and the melt tension, and when the amount thereof is larger than the upper limit of the above range, 
the resulting composition is sometimes markedly deteriorated in the tensile strength and the stress crack re- 
sistance. 

The first ethylene copolymer composition according to the invention may contain various additives if de- 
sired, for example, weathering stabilizer, heat stabilizer, antistatic agent anti-slip agent, anti-blocking agent, 
35 antifogging agent, lubricant, pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 

The first ethylene copolymer compositton according to the invention can be prepared by known processes, 
for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-1], the high-pressure radical 
40 polymerization low-density polyethylene [B-1), and if necessary, other optional components by the use of 

an extruder, a kneader or the like. 

(2) Aprocess comprising dissolving the ethylene/a-olef In copolymer [A-1]. the high-pressure radical poly- 
merization low-density polyethylene [B-1], and if necessary, other optional components in an appropriate 
good solvent (e.g.. hydrocarbon solvent such as hexane, heptane, decane. cyclohexane. benzene, toluene 

45 and xylene), and then removing the solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olefin copolymer [A-l], the high- 
pressure radical polymerization low-density polyethylene [B-1], and if necessary, other optional compo- 
nents in an appropriate good solvent to prepare solutions, then mixing the solutions, and removing the 
solvent from the resulting mixture. 

50 (4) A process of combining the above processes (1) to (3). 

The first ethylene copolymer composition according to the present invention is subjected to ordinary air- 
cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film mold- 
ing, water-cooling inflation molding or the like, to obtain a film. The film thus obtained is excellent in transpar- 
ency and mechanical strengt h, and has properties inherently belonging to general LLDPE, such as heat-sealing 

55 properties, hot-tack properties, heat resistance and blocking resistance. Further, the film is free from surface 
stickiness because the ethylene/a-olefin copolymer [A-1] has a prominently narrow composition distribution. 
Moreover, because of low stress within the high-shear region, the ethylene copolymer composition can be ex- 
truded at a high speed, and consumption of electric power is small, resulting in economical advantage. 
Films obtained by processing the first ethylene copolymer composition of the invention are suitable for, 
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for example, standard bags, heavy bags, wrapping films, materials for laminates, sugar bags, packaging bags 
for oily goods, packaging bags for moist goods, various packaging f ilnr^ such as those for foods, bags for liquid 
transportation and agricultural materials. The films may also be used as multi-layer films by laminating the films 
5 on various substrates such as a nylon substrate and a polyester substrate. Further, the films may be used for 
liquid transportation bags obtained by blow molding, bottles obtained by blow molding, tubes and pipes ot>- 
tained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous goods, 
fibers, and large-sized molded articles obtained by rotational molding. 

10 [Second ethylene copolymer composition] 

The second ethylene copolymer composition according to the present Invention comprises an ethylene/a- 
olefin copolymer [A-1] and a crystalline polyolefin [B-2]. 

IS [Ethylene/a-olefin copolymer [A-1]] 

The ethylene/a-olefin copolymer [A-1] employable for the second ethylene copolymer composition is the 
same as the ethylene/a-olefin copolymer used for the first ethylene copolymer composition described above. 

20 [Crystalline polyolefin [B-2]] 

The crystalline polyolefin [B-2] used in the invention is at least one crystalline polyolefin selected from the 
following crystalline polyolefins (B-l) to (B-lll). 

25 Crystalline polyolefin (B-l) 

The crystalline polyolefin (B-l) used in the invention is an ethylene homopolymer having a crystallinity 
measured by X-ray diffractometry of not less than 65 %, or a copolymer of ethylene with an a-olefin of 3 to 
20 carbon atoms having the crystallinity of not less than 40 %. The crystalline polyolefin (B-l) has a melt flow 
30 rate (MFR), as determined In accordance with ASTM D 1 238-65T under t he conditions of a temperature of 1 90 
"C and a load of 2.1 6 kg, of 0.01 to 100 g/10 min. preferably 0.05 to 50 g/10 min, and has a density of not less 
than 0.900 g/cnfi^, preferably not less than 0.950 g/cm^, more preferably 0.960 to 0.970 g/cnn^. 

The crystalline polyolefin (B-l) is prepared by using non-metallocene type catalyst, preferably non-metal- 
iocene type Ziegler catalyst. 

35 Examples of the a-olefin of 3 to 20 carbon atoms include propylene, l-butene, 1-pentene, 1-hexene, 4- 
methyl-1-pentene. 1-octene, 1-decene and mixtures thereof. Of these, an a-olefin of 3 to 10 carbon atoms is 
preferably employed. Amolar ratio of ethylene to a-olefin (ethylene/a-olefin) in the copolymer varies depending 
on the kind of the a-olefin used, but generally is in the range of 100/0 to 99/1. preferably 100/0 to 99.5/0.5. 
The crystalline polyolefin (B-l) used in the invention may contain constituent units other than the constit- 
40 uent units derived from a-olefin, such as those derived from diene compounds, provided that the properties 
of the crystalline polyolefin (B-1) are not marred. 

Examples of the constituent units other than the constituent units derived from a-olefin include 
constituent units derived from chain non-conjugated dienes such as 1,4-hexadiene. 1,6-octadiene, 2- 
methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene and 7-methyl-1,6-octadiene; 
45 constituent units derived from cyclic non-conjugated dienes such as cyclohexadiene, dicyclopentadiene, 

methyltetrahydroindene, 6-vinylnorbornene, 5-ethylidene-2-norbornene. 5-methylene-2-norbornene, 5-iso- 
propyiidene-2-norbornene and 6-chloromethyl-5-isopropenyl-2-norbornene; and 

constituent units derived from diene compounds such as 2.3-dilsopropylidene-5-norbornene, 2-ethyl'h 
dene-3-isopropylidene-5-norbornene and 2-propenyl-2,2-norbornadiene. 
50 The diene components may be used alone or in combination. The content of the diene component is usually 
in the range of 0 to 1 % by mol, preferably 0 to 0.5 % by mol. 

The crystalline polyolefin (B-l) can be prepared by a known process. 

Crystalline polyolefin (B-ll) 

55 

The crystalline polyolefin (B-ll) used in the invention Is a propylene homopolymer having a crystallinity 
measured by X-ray diffractometry of not less than 50 %, or a copolymer of propylene with at least one olefin 
selected firom ethylene and an a-olefin of 4 to 20 carbon atoms having the crystallinity of not less than 30 %. 
The crystalline polyolefin (B-ll) has a melt flow rate (MFR). as determined in accordance with ASTM D1238- 
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65T under the conditions of a temperature of 230 °C and a load of 2.16 kg, of 0.1 to 100 g/10 nriin, preferably 
0.5 to 50 g/IO nnin, and has a density of not less than 0.900 g/cm^, preferably 0.900 to 0.920 g/cni^. 

Examples of the a-olefin of 4 to 20 carbon atoms include 1-butene, 1-pentene, 1-hexene. 4- methyl- 1-pen- 
5 tene, 1-octene, 1-decene and mixtures thereof. Of these, an a-olefin of 4 to 10 carbon atoms is preferably env 
ployed. 

In the copolymer of propylene with at least one of ethylene and a-olefin of 4 to 20 carbon aton^, a molar 
ratio of propylene to ethylene and a-olefin of 4 to 20 carbon atoms (propylene/a-olef in, a-olef In includes ethy- 
lene) varies depending on the kind of the a-otefin used, but generally is in the range of 100/0 to 90/10, pre- 
10 ferably 100/0 to 95/5. 

The crystalline polyolefin (B-ll) used in the invention may contain constituent units derived from the diene 
compounds employabie for the aforesaid crystalline polyolefin (B-l), provided that the properties of the crys- 
talline polyolefin (B-ll) are not marred. The content of the diene component is usually in the range of 0 to 1 % 
by mol, preferably 0 to 0.5 % by mol. 
IS The crystalline polyolefin (B-ll) can be prepared by a known process. 

Crystailine polyolefin (B-lll) 

The crystalline polyolefin (B-IM) used in the invention is a homopolymer of an a-olefin of 4 to 20 carbon 

20 atoms having a crystal Unity measured by X-ray diffractometry of not less than 30 %. or a copolymer of a-olef ins 
of 4 to 20 carbon atoms having the crystallinity of not less than 30 %. The crystailine polyolefin (B-lll) has a 
melt flow rate (MFR), as determined in accordance with ASTM D1238-65T under the conditions of a temper- 
ature of 230 °C and a load of 2.16 kg, of 0.1 to 100 g/IO mln» preferably 0.5 to 50 g/10 min, and has a density 
of not less then 0.900 g/cm', preferably 0.900 to 0.920 g/cm^. 

25 Examples of the a-olefin of 4 to 20 carbon atoms include 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen- 
tene, 1-octene and 1-decene. Of these, an a-olefin of 4 to 10 carbon atoms is preferably employed. 

In the copolymer comprising at least two kinds of a-olef ins of 4 to 20 carbon atonr^, a molar ratio ((a)/(b)) 
of one a-olefin (a) selected from a-olef ins of 4 to 20 carbon atoms to the other a-olefin (b) selected from a- 
olef ins of 4 to 20 carbon atoms varies depending on the kind of the a-olef ins used, but generally is in the range 

30 Of 1 00/0 to 90/1 0, preferably 1 00/0 to 95/5. 

The crystalline polyolefin (B-lll) used in the invention may contain constituent units derived from the diene 
compounds employable for the aforesaid crystalline polyolefin (B-l), provided that the properties of the crys- 
tailine polyolefin (B-lll) are not marred. The content of the diene component is usually In the range of 0 to 1 
% by mol, preferably 0 to 0.5 % by mol. 

35 The crystalline polyolefin (B-lll) can be prepared by a known process. 

[Ethylene copolymer composition] 

The second ethylene copolymer compositton according to the invention comprises the aforementioned 
40 ethylene/a-olefin copolymer [A-l] and the crystalline polyolefin [B-2], and a weight ratio ([A-1]:[B-2D between 
the ethylene/a-olefin copolymer [A- 1] and the crystalline polyolefin [B-2] is usually in the range of 99:1 to 60:40, 
preferably 98:2 to 70:30, more preferably 95:5 to 80:20. 

The second ethylene copolymer composition according to the invention may contain various additives if 
desired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
45 antifbgging agent, lubricant, pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 

The second ethylene copolymer compositton according to the invention can be prepared by known proc- 
esses, for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-1], the crystalline polyolefin 
50 [B-2], and if necessary, other optional components by the use of an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethylene/a-olefin copolymer [A-1]. the crystalline polyolefin [B-2], 
and if necessary, other optional components in an appropriate good solvent (e.g., hydrocarbon solvent 
such as hexane, heptane, decane, cydohexane, benzene, toluene and xylene), and than removing the 
solvent from the resulting solution. 

55 (3) A process comprising independently dissolving the ethylene/a-olefln copolymer [A-1], the crystalline 
polyolefin [B-2], and If necessary, other optional components In an appropriate good solvent to prepare 
solutbns, then mixing the solutions, and removing the solvent from the resulting mixture. 
(4) A process of combining the above processes (1) to (3). 

The second ethylene copolymer compositton according to the present invention is subjected to ordinary 
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air-cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film 
molding, water-cooling inflation molding or the like, to obtain a film. The film thus obtained is well-balanced 
between the transparency and the rigidity, and has properties inherently belonging to general LLDPE, such 

5 as heat-sealing properties, hot-tack properties and heat resistance. Further, the film is free from surface sticki- 
ness because the ethylene/a*olefin copolymer [A-1] has a prominently narrow composition distribution. More- 
over, because of low stress within the high-shear regton, the ethylene copolymer composition can be extruded 
at a high speed, and consumptton of electric power Is small, resulting in economical advantage. 

Films obtained by processing the second ethylene copolymer compositk>n of the invention are suitable 

10 for, for example, standard bags, heavy bags, wrapping filn^, materials for laminates, sugar bags, packaging 
bags for oily goods, packaging bags for oioist goods, various packaging films such as those for foods, bags 
for liquid transportation and agricultural materials. The films may also be used as multi-layer films by laminating 
the films on various substrates such as a nylon substrate and a polyester substrate. Further, the films may 
be used for liquid transportation bags obtained by blow molding, botties obtained by blow molding, tubes and 

f 5 pipes obtained by extrusion molding, pull-off caps, Injection molded products such as dally use miscellaneous 
goods, fibers, and large-sized molded articles obtained by rotational nrK)ldlng. Particularly, the films are most 
suitable for liquid transportatton bags. 

[Third ethylene copolymer compositton] 

20 

The third ethylene copolymer composition according to the present invention comprises an ethylene/a- 
defin copolymer [A-1] and an olefin type elastomer [B-3]. 

[Ethylene/a-olefin copolymer [A-1]] 

25 

The ethylene/a-olefin copolymer (A-1] employable for the third ethylene copolymer composition is the 
same as the ethylene/a-olefin copolymer used for the first ethylene copolymer composition described before. 

[Olefin type elastomer [B-3]] 

30 

The olefin type elastomer [B-3] used In the Invention Is a polymer of ethylene or an a-olefin of 3 to 20 
cart>on atoms, or a copolymer of two or more kinds of olefins selected from ethylene and a-olef Ins of 3 to 20 
carbon atoms. The olefin type elastomer [B-3] has a density of not more than 0.900 g/cm^, preferably 0.860 
to 0.900 g/cm^. and has a melt flow rate (MFR), as determined in accordance with ASTM D1238-65T under 
35 the conditions of a temperature of 190 ""C and a load of 2.16 kg, of 0.01 to 100 g/10 min, preferably 0.05 to 50 
g/10 min. The olefin type elastomer [B-3] desirably has a crystallinity measured by X-ray diffractometry of less 
than 30 %, or desirably Is annorphous. 

Examples of the a-olefin of 3 to 20 carbon atoms include propylene. 1-butene, 1-pentene. 1-hexene. 4- 
methyt-1-pentene, 1-octene. l-decene and mixtures thereof. Of these, an a-olefin having 3 to 10 carbon atoms 
40 is prefierably employed. 

The olefin type elastomer [B-3] used In the inventksn may contain constituent units other than the constit- 
uent units derived from a-olefin, such as those derived from diene compounds, provided that the properties 
of t he olefin type elastomer are not marred. 

Examples of the constituent units which may be contained In the olefin type elastomer used In the Invention 
45 include 

constituent units derived firom chain non-conjugated dienes such as 1.4-hexadiene, 1 .6-octadiene, 2- 
methyl-1,5-hexadiene, 6-methyl-1.5-heptadlene and 7-methyl-1. 6-octadiene; 

constituent units derived from cyclic non-conjugated dienes such as cyclohexadiene. dicyclopentadlene, 
methyltetrahydrolndene, 5-vinylnort)ornene, 5-ethylidene-2-norbornene, 5-methylene-2-norbornene, 5-iso- 
50 propyl idene-2-norbornene and 6-chloromethyl-5-isopropenyt-2-norbornene; and 

constituent units derived from diene compounds such as 2.3-diisopropylklene-5-norbornene, 2-ethyll- 
dene-3-isopropylidene-5-nort}ornene and 2-propenyl-2,2-norbornadiene. 

The diene components may be used alone or in combination. The content of the diene component Is usually 
not nfiore than 10 % by mol. preferably in the range of 0 to 5 % by mol. 
55 A concrete example of the olefin type elastomer [B-3] Is a copolymer comprising 

constituent units derived from ethylene in an amount of 0 to 95 % by mol, preferably 30 to 92 % by mol, 
more preferably 50 to 90 % by mol. 

constituent units derived from an a-olefin of 3 to 20 carbon atoms in an amount of 1 to 100 % by mol, 
preferably 4 to 70 % by mol, more preferably 8 to 50 % by mol, and 
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constituent units derived from a diene component in an amount of 0 to 10 % by mol, preferably p to 5 
% by mol, more preferably 0 to 3 % by mol. 

The olefin type elastomer [B-3] can be prepared by a known process using a catalyst of Ti type, V type, 
5 Zr type, etc. 

[Ethylene copolymer composition] 

The third ethylene copolymer composition according to the present invention comprises the aforemen- 
10 tioned ethylene/a-olefin copolymer [A-1] and the olefin type elastomer [B-3], and a weight ratio ((A-1]:[B-3]) 
between the ethylene/a-olefin copolymer [A-1] and the olefin type elastomer [B-3] is usually in the range of 
99:1 to 60:40, preferably 95:5 to 70:30, more preferably 98:2 to 80:20. Further, the ethylene/a-olefin copolymer 
[A-1] and the olefin type elastomer [B-3] are appropriately selected so that a density ratio ([B-3]/[A-1]) of the 
olefin type elastomer [B-3] to the ethylene/a-olefin copolymer [A-1] is less than 1, preferably in the range of 
IS 0.905 to 0.980. 

The third ethylene copolymer composition according to the invention may contain various additives if de- 
sired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
antifogging agent, lubricant, pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 
20 The third ethylene copolymer composition according to the invention can be prepared by known processes, 
for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-3], the olefin type elastomer 
[B-3], and if necessary, other optional components by the use of an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethytene/a-olef in copolymer [A-1], the olefin type elastomer [B- 
25 3], and if necessary, other optional components in an appropriate good solvent (e.g., hydrocarbon solvent 

such as hexane, heptane, decane, cyclohexane, benzene, toluene and xylene), and then removing the 
solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethytene/a-oief in copolymer [A-1], the olefin type 
elastomer [B-3]. and if necessary, other optional components in an appropriate good solvent to prepare 

30 solutk)ns, then mixing the solutions, and removing the solvent from the resulting mixture. 

(4) A process of combining the above processes (1) to (3). 

The third ethylene copolymer composition according to the present invention is subjected to ordinary air- 
cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film mold- 
ing, water-cooling inflation molding or the like, to obtain a film. The film thus obtained is well-balanced between 

35 the transparency and the rigidity, and has properties inherently belonging to general LLDPE, such as heat- 
sealing properties, hot-tack properties and heat resistance. Further, the film Is free from surface stickiness 
because the ethylene/a-olefin copolymer [A-1] has a prominently narrow composition distribution. Moreover, 
because of low stress within the high-shear region, the ethylene copolymer composition can be extruded at 
a high speed, and consumption of electric power is small, resulting in economical advantage. 

40 Films obtained by processing the third ethylene copolymer composition of the invention are suitable for. 
for example, standard bags, heavy bags, wrapping films, materials for laminates, sugar bags, packaging bags 
for oily goods, packaging bags for moist goods, vark>us packaging films such as those for foods, bags for liquid 
transportation and agricultural materials. The films may also be used as multi-layer films by laminating the films 
on various substrates such as a nylon substrate and a polyester substrate. Further, the films may be used for 

45 liquid transportation bags obtained by blow nDoiding, bottles obtained by blow molding, tubes and pipes ob- 
tained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous goods, 
fibers, and large-sized molded articles obtained by rotational molding. Particularly, the films are most suitable 
as wrapping films. 

50 [Fourth ethylene copolymer compositk}n] 

The fourth ethylene copolymer compositton according to the present invention comprises an ethylene/a- 
olefin copolymer composition [la] which comprises an ethytena/a-olef in copolymer [A-2] and an ethylene/a- 
olefin copolymer [A-3], and a high pressure radical polymerization low-density polyethylene pia]. 

55 

[Ethylene/a-olefin copolymer [A-2]] 

The ethylene/a-olefin copolymer [A-2] for forming the fourth ethylene copolymer composition of the in- 
vention is a random copolymer of ethylene with an a-olef in of 3 to 20 cartson atoms. Examples of the o-olef in 



21 



EP 0 575 123 A2 

of 3 to 20 carbon atoms employable for copolymerization with ethylene include propylene, 1 -butene, 1 -pentene. 
1-hexene, 4-m6thyl'1-pentene. 1-octene, 1-decene. l-dodecene, l-tetradecene, 1-hexadecene, 1-octad9- 
cene and 1-6icosene. 

5 In the ethylene/a-olef in copolymer [A-2], it Is desired that constituent units derived from ethylene are pres- 

ent in an amount of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from a-olef in of 3 to 20 carbon atoms are present in an amount of 1 to 45 % by 
weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight 
The ethytene/a-olefin copolymer [A-2] has the following properties (i) to (vi). 
10 (I) The density (d) is usually in the range of 0.880 to 0.940 g/cm^, preferably 0.890 to 0.935 g/cm^ more 
preferably 0.900 to 0.930 g/cm^. 

(ii) The intrinsic viscosity [ha- 2] as measured in decalin at 1 35 °C is in the range of 1 .0 to 1 0.0 dl/g, preferably 
1 .25 to 8 dl/g, more preferably 1.27 to 6 dl/g. 

(iii) The temperature (Tm (^C)) at which the endothermic curve of the copolymer measured by a differential 
15 scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 

Tm < 400 X d - 250. 
preferably Tm < 450 x d - 297, 
more preferably Tm < 500 x d - 344, 
particularly preferably Tm < 550 x d - 391. 
20 (iv) The melt tension (MT (g)) at 190 "^C and the melt flow rate (MFR) satisfy the relation: 

MT>2.2x MFfro w 

The ethylene/a-olef in copolymer [A-2] as mentioned above which is used for the invention has high 
melt tension (MT) and good moldability. 

(v) The flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten copo- 
25 lymer at 1 90 "C reaches 2.4 x 1 0> dyne/cm^ and the melt flow rate (MFR) satisfy the relation: 
Fl > 75 X MFR, 
preferably Fl > 1 00 x MFR, 
more preferably Fl > 120 x MFR. 
The ethylene/a-olef in copolymer [A-2] whose Fl and MFR satisfy the above-mentioned relation shows 
30 a small processing torque because a low stress can be kept even at a high-shear rate, and has good mold- 
ability. 

(vl) The firaction of a n-decane-solub!e component at room temperature (W % by weight) and the density 
(d) satisfy the relation: 

W < 80 X exp(-100(d-0.88)) + 0.1. 
35 preferably W < 60 x exp(-100(d-0.88)) + 0.1, 

more preferably W < 40 x exp(-100(d-0.88)) ^i- 0.1. 
It may be concluded from the relation between the temperature (Tm) at which the endothenmic curve 
measured by a differential scanning calorimeter (DSC) shows the maximum peak and the density (d), and the 
relation between the fraction (W) of a n-decane-sotuble component and the density (d), that the ethylene/a- 
40 olefin copolymer [A-2] has a narrow composition distribution. 

Further, the number of unsaturated bond present in the molecule of the ethylene/a-olef in copolymer [A- 
2] desirably is not more than 0.5 per 1,000 carbon atoms and less than 1 per one molecule of the copolymer. 

The ethylene/a-olef in copolymer [A-2] having the properties as mentioned above can be prepared by co- 
polymerizing ethylene with an a-olef in of 3 to 20 cartoon atoms in the presence of the aforementioned olefin 
45 polymerization catalyst (1) or prepolymerized catalyst (1) under the same conditions as those for preparing 
the ethytene/a-olefin copolymer [A-1] In such a manner that the resulting copolymer would have a density of 
0.880 to 0.940 g/cnr)3. 

When a slurry polymerization process is used for preparing the ethylene/a-olefin copolymer [A-2], the 
polymerization temperature is usually in the range of -50 to 90 ''C, preferably 0 to 80 °C, and when a gas phase 
50 polymerization process is used therefor, the polymerization temperature is usually in the range of 0 to 90 ""C, 
preferably 20 to 80 ^C. 

[Ethytene/a-olefin copolymer [A-3]] 

65 The ethylene/a-olefin copolymer [A-3] for forming the fourth ethylene copolymer composition of the in- 
vention is a random copolymer of ethylene and an a-olef in of 3 to 20 carbon atoms. Examples of the a-olef in 
of 3 to 20 carbon atoms employable for copolymerization with ethylene include propylene, 1 -butene, 1-pentene, 
1-hexene, 4-methyl-1-pent6ne, 1-octene, 1-decene, 1-dodecene. 1-tetradecene, 1-hexadecene, 1-octade- 
cene and 1-eicosene. 
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in the ethylene/a-olef in copoiymer[A-3], it is desired tliat constituent units derived from ethylene are pres- 
ent in an amount of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from a-olef in of 3 to 20 carbon atoms are present in an amount of 1 to 45 % by 
5 weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight 

The ethylene/a-olefin copolymer [A- 3] has the following properties (i) to (iv). 

(i) The density (d) is usually in the range of 0.910 to 0.980 g/cm^ preferably 0.915 to 0.955 g/cm^ more 
preferably 0.920 to 0.950 g/cm^ 

(ii) The intrinsic viscosity [ha- 3] as measured in decalin at 1 35 °C is in the range of 0.5 to 2.0 dl/g, preferably 
10 0.55 to 1 .9 dl/g, more preferably 0.6 to 1 .8 dl/g. 

(iii) The temperature (Tm (''C)) at which the endothermic curve of the copolymer measured by a differential 
scanning calorimeter (DSC) shows the maxinujm peak and the density (d) satisfy the relation: 

Tm<400xd-250, 
preferably Tm < 450 x d - 297, 
IS more preferably Tm < 500 x d - 344, 

particularly preferably Tm < 550 x d - 391. 

(iv) The fraction of a n-decane-sotuble component at room temperature (W % by weight) and the density 
(d) satisfy the relation: 

In the case of MFR ^10 g/10 min, 
20 W < 80 X exp(-1 00(d-0.88)) + 0.1, 

preferably W < 60 x exp(-100(d-0.88)) + 0.1, 
more preferably W < 40 x exp(-100(d-0.88)) + 0.1, 
in the case of MFR > 10 g/10 min, 
W < 80 X (MFR-g)0-2e x exp(-1 00(d-0.88)) ♦ 0.1. 
25 It may be concluded from the relation between the temperature (Tm) at which the endothennic curve 
measured by a differential scanning calorimeter (DSC) shows the maximum peak and the density (d), and the 
relation between the fraction (W) of a n-decane-soluble component and the density (d), that the ethylene/a- 
olef In oopolymer [A-3] has a narrow composition distribution. 

Further, the number of unsaturated bond present In the molecule of the ethylene/a-olef in copolymer [A- 
30 3] desirably Is not nnore than 0.5 per 1.000 cart>on atonr^ and less than 1 per one molecule of the copolymer. 

The ethylene/a>oief in copolymer [A-3] having the properties as mentioned above can be prepared by co- 
polymerizing ethylene and an a-olef in of 3 to 20 carbon atoms in the presence of an olefin polymerization cat- 
alyst (2) or a prepolymerized catalyst (2) formed from (a-2) a transition metal compound catalyst component, 
(b) an organoaluminum oxy-compound catalyst component, (c) a carrier, and if necessary, (d) an organoalu- 
35 minum compound catalyst component, all components being described later, in such a manner that the result- 
ing copolymer would have a density of 0.910 to 0.960 g/cm^. 

First, the transitton metal compound catalyst component (a-2) is explained beiow. 
The transition metal compound catalyst component (a-2) (sometimes referred to as "component (a-2)" 
hereinafter) is a compound of a transition metal in Group IV of the periodk: table which contains a ligand having 
40 a cyclopentadlenyi skeleton. There is no specific limitation on the component (a-2). as far as it is a compound 
of a transition metal in Group IV of the periodic table which contains a ligand having a cyclopentadlenyi skeleton. 
However, the component (a-2) preferably is a transition metal compound represented by the following formula 
[V]. 

MLx [V] 

45 wherein M is a transition metal atom selected from Group IVB of the periodic table. L is a ligand coordinating 
to the transition metal, at least one of L is a ligand having a cyclopentadlenyi skeleton. L other than the ligand 
having a cyclopentadlenyi skeleton is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an arytoxy 
group, a triaikyisiiyt group, a SO3R group (R is a hydrocarbon group of 1 to 8 carbon aton^ which may have a 
substituent group such as halogen), a halogen atom or a hydrogen atom, and X is a valance of the transition 

50 metal. 

The transition metal compound represented by the above formula [V] includes the transition metal conn- 
pound represented by the formula [I] and the transition metal compound represented by the formula [II] which 
are cited before as the transition metal catalyst component (a-1). 

In the above-mentioned formula [V], M (s a transition metal selected from Group IVB of the periodic table. 
55 and concrete preferable examples of M include zirconium, titanium and hafnium. Of these, particularly prefer- 
red is zirconium. 

The ligands having a cydopentadienyl skeleton include, for example, cydopentadienyl; an alkyl-substituted 
cyclopentadlenyi group such as methylcydopentadienyl, dimethylcydopentadienyl, trimethylcyctopentadienyl. 
tetramethylcydopentadienyl, pentamethyicyclopentadienyl, ethylcydopentadienyl, methylethylcydopentadie- 
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nyl, propylcyciopentadienyi, methylpropyicyclopentadienyl, butylcyciopentadienyl, methylbutylcydopentadie- 
nyl and hexylcyclopentadienyl; indeny), 4,5.6.7-tetrahydroindenyl and fluorenyl. These groups may be substi- 
tuted with halogen atom or triailcylsilyi group, and the like. 

Of these llgands coordinated to the transition metal, particularly preferred is the alkyl-substituted cydo- 
pentad ienyl group. 

When the compound represented by the above formula [V] contains two or more of the groups having a 
cyclopentadienyl skeleton, two of them each having a cydopentadienyl skeleton can be bonded together 
through an alkylene group (e.g., ethylene and propylene), a substituted alkylene group such as isopropylldene 
and diphenylmethylene, a silylene group, or a substituted siiylene group such as dimethytsilylene, diphenylsi- 
lylene and methylphenytsilylene. 

Concrete examples of the ligand L other than those having a cydopentadienyl skeleton are as follows: 
The hydrocarbon group having 1 to 12 carbon atoms includes, for example, an alkyi group, a cydoalkyi 
group, an aryl group and an aralkyi group, and concrete examples of these groups are as follows; 
an alkyl group such as methyl, ethyl, propyl, isopropyl and butyl; 
a cydoalkyi group such as cyclopentyl and cyclohexyi; 
an aryl group such as phenyl and tolyl; 
an aralkyi group such as benzyl and neophyl; 
an alkoxy group such as methoxy, ethoxy and butoxy; 
an aryloxy group such as phenoxy; and 
halogen such as fluorine, chlorine, bromine and bdine. 
The ligand represented by SOsR indudes, for example, p-toluenesulfonate, methanesulfonate and trif luor- 
omethanesulfonate. 

Such a metallocene compound containing llgands each having a cyclopentadienyl skeleton (e.g. having a 
transition metal with a valence of 4) may be represented more concretely by the formula [V] 

R2kR3|R*mR5nM [V] 

wherein M is a transition metal as mentioned above, R^ Is a group having a cydopentadienyl skeleton (ligand), 
R^ R^ and R^ are each a group having a cydopentadienyl skeleton, an alkyl group, a cydoalkyi group, an aryl 
group, an aralkyi group, an alkoxy group, an aryloxy group, trialkylsilyl group, SO3R group, halogen or hydro- 
gen, k is an integer of not less than 1 , and k i + m -t- n s 4. 

As the component (a-2), preferred is the metallocene compound represented by the above formula [V] 
in which at least two of R^ R^, R^ and R^, that is, R^ and R^ are each a group having a cyclopentadienyl skeleton 
(ligand). Said groups having a cydopentadienyl skeleton may be bonded together through a group such as an 
alkylene group (e.g., ethylene and propylene), a substituted alkylene group such as isopropylldene and diphe- 
nylmethylene, a silylene group, and a substituted silylene group such as dimethylsilylene, diphenylsilylene and 
methyl phenylsilylene. Further, R^ and R^ are each a group having a cydopentadienyl skeleton, an alkyl group, 
a cydoalkyi group, an aryl group, an aralkyi group, an alkoxy group, an aryloxy group, trialkylsilyl group, SO3R 
group, halogen or hydrogen. 

Listed below are concrete examples of the transition metal compound having zirconium as M. 

Bis(indenyl)zirconium dichloride, 

Bis(indenyl)zirconium dibromide, 

Bis(indenyl)zirconium bis(p-toluenesulfonate), 

Bis(4,5,6,7-tetrahydroindenyl)ztrconium dichloride, 

Bis(fluorenyl)zirconium dichloride, 

Ethylenebis(indenyl)zirconium dichloride, 

Ethylenebis(indenyl)zirconium dibromide. 

Ethylenebi5(indenyl)dimethylzirconium, 

Ethylenebis(indenyl)diphenylzirconium, 

Ethylenebis(indenyl)methylzirconium monochloride, 

Ethylenebis(indenyl)zirconium bis(methanesulfonate), 

Ethylenebis(indenyl)zirconium bis(p-toluenesu]fonate), 

Ethylenebis(indenyl)zirconium bis(trif luoromet hanesulfonate), 

Et hylenebis(4,5.6,7-tetrahydrolndenyl)zirconium dichloride, 

lsopropylidene(cydopentadienylfluorenyl)ziroonlum dichloride, 

lsopropylidene(cyclopentadienyl-methylcyclopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(cydopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(methylcydopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(dimethylcydopentadienyl)zirconium dichloride, 

Dimethyl8ilylenebis(trimethylcydopentadienyl)zirconiu m dichloride, 
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DimethylsiIy1enebis(indenyl)zirconium dichloride, 

Dim6thy1silyl8nebis(indenyl)zirconium bis(trifluorom6thanesulfonate), 

Dimethylsilylenebis(4,5,6,7-tetrahydroindenyi) zirconium dichloride, 

Dimethyl si! ylenebis(cydopentadi6nyl-f I uorenyl) zirconium dichlorid^, 

Diphenyfsllylenebis(indenyl)zirconium dichloride, 

Methylphenylsilylenebis(indenyl)zirconium dichloride, 

Bis(cyclopentadienyt)zirconium dichloride. 

Bis(cycIopentadieny!)zirconium dibromide, 

6is(cyclopentadienyl)methylzirconium monochloride, 

6is(cyc]opentadienyl)ethylzirconium monochloride, 

Bis(cyciopentadienyl)cyclohexylzirconium monochloride, 

Bis(cyclopentad(enyl)phenylzirconium monochloride, 

Bis(cyclopentadienyl)benzyizirconium monochloride, 

Bis(cyclopentadienyl)zirconium monochloride monohydride, 

Bis(cyclopentadlenyl)methylzirconium monohydride, 

Bis(cyclopentadienyl)dimethylzirconium, 

Bis(cyclopentadienyl)diphenyizirconium, 

Bis(cyclopentadienyi)dibenzylzirconium, 

Bls(cyclopentadieny!)zirconium methoxychloride, 

Bis(cyclopentadienyi)zirconium ethoxychloride, 

6is(cyc!opentadienyl)zlrconium bis(methanesulfonate), 

Bi8(cyclopentadienyl)zirconium bis(p-toluene>sulfonatB), 

Bis(cyclopentadienyl)zirconium bls(trifluoromethane-sulfonate), 

Bis(methylcyciopentadieny1)zirconium dichloride, 

Bis(dimethylcyclopentadieny!)zirconium dichloride, 

Bis(dimethylcyclop6ntadieny1)zirconium ethoxychloride, 

Bis(dimethylcyclopentadienyl)zirconium bis(trifluoromethanesulfonate). 

Bis(ethylcyclopentadienyl)zirconium dichloride, 

Bls(methy1ethylcyclopentadienyl)zirconium dichloride. 

Bis(propylcyclopentadienyl)zirconium dichloride, 

Bis(methytpropylcyclopentadienyi)zirconium dichloride, 

Bis(buty1cyclopentadienyl)zirconium dichloride. 

Bis(methylbutytcyclopentadienyi)zirconium dichloride, 

Bis(methy1butylcyclopentadienyl)zirconium bis(methanesulfonate), 

Bis(trimethylcyciopentadienyl)zirconium dichloride, 

Bis(tetramethy1cydopentadienyl)zirconium dichloride, 

Bis(pentamethylcyclopentadienyl)zlrconium dichloride, 

Bis(hexylcycIopentadienyl)zirconium dichloride, and 

Bis(trimethyisilylcyciopentadlenyl)zirconium dichloride. 
In the above exemplified compounds, di-sut)stituted cyclopentadienyt include 1,2- and 1 ,3-substituted, and tri- 
substituted include 1,2,3- and 1,2,4-8ubstitutBd. Further, the alkyi group such as propyl or butyl includes n-, i-, seo- 
and tert- isomers. 

There may also be used transition metal compounds obtained by substituting titanium or hafnium for zir- 
conium in the above-exemplified zirconium compounds. 

The above listed compounds, the transition metal compounds represented by the above formula [I] and 
the transition metal compounds represented by the above formula [II] are used as transition metal catalyst com- 
ponent (a-2). Preferred are the above mentioned transition metal compounds represented by the formula [I] 
or [II]. Of these, particularly preferred is 

Et hyienebis(indenyl)zirconium d ichloride, 
Ethylenebis(4-methyl-1-indenyl)zirconium dichloride, 
Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, 
Bis(1 ,3-dimethylcyclop6ntadieny))zirconium dichloride, 
Bis(1,3-diethylcyclopentadienyl)zirconium dichloride, or 
Bis(1-methyl-3-ethylcydopentadieny1)zirconium dichloride. 
Further, the transition metal catalyst component (a-1) used in the preparation of the ethylene/a-olefin co- 
polymer [A-2] and the transition metal catalyst component (a-2) used in the preparation of the ethylene/a-olefin 
copolymer [A-3] are preferably the same compounds. 

The organoaluminum oxy-compound catalyst component (b) [component (b)] which forms the olefin poly- 
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merization catalyst (2) is the same as the organoluminum oxy-compound which forms the above mentioned 
olefin polymerization catalyst (1). 

The carrier (c) [component (c)] which forms the olefin polymerization catalyst (2) is the same as the carrier 
5 which forms the above mentioned olefin polymerization catalyst (1). 

The optionally used organoaluminum compound catalyst component (d) [component (d)] is the same as 
the organoaluminum compound which forms the atx)ve mentioned olefin polymerization catalyst (1). 

The ethylene/a-olefin copolymer [A-3] used in the present invention can be prepared by the olefin poly- 
merization catalyst (2) formed by contacting the above-mentioned components (a-2), (b), (c) and if necessary, 
10 component (d). Though the mixing of these components (a-2), (b), (c) and (d) may be conducted in arbitrarily 
selected order, the mixing and contacting is preferably conducted in the order of: 

mixing and contacting the components (b) and (c). followed by mixing and contacting the component 
(a-2), and if necessary, mixing and contacting the component (d). 

The mixing of the above-mentioned components (a-2)p (b). (c) and (d) can be carried out in an inert hy- 
15 drocarbon. 

As the inert hydrocarbon solvent, there may be mentioned an aliphatic hydrocarbon, such as propane, bu- 
tane, pentane, hexane, heptane, octane, decane, dodecane and kerosene; 

an alicyclic hydrocarbon, such as cyclopentane, cyclohexane and methylcyciopentane; 
an aromatic hydrocarbon, such as benzene, toluene and xytene; 
20 a halogenated hydrocarbon, such as ethylene chloride, chlorobenzene and dichloromethane; and a mix- 

ture thereof. 

in the contacting and mixing of the components (a-2), (b). (c) and if neccessary (d). the component (a-2) 
is used usually in an amount of5x1(Hto5x1(H mol, preferably 1x1(Hto2x1(Hmol based on 1 g of the 
component (c), and the concentration thereof is 1 x 1(H to 2 x 10-2 mol/l, preferably 2x10^to1x10-2 nrwl/l. 
25 The atomic ratio (Al/transition metal) of the aluminum in the component (b) to the transition metal in the conv 
ponent (a-2) is usually 10 to 500, preferably 20 to 200. The atomic ratio (AI-d/AI-b) of the aluminum atoms (Al- 
d) in the component (d) optionally used to the aluminum atonr^ (Al-b) in the component (b) is usually 0.02 to 
3, preferably 0.05 to 1.5. 

The components (a-2), (b) and (c), and if necessary, the component (d) are mixed and contacted at a tenrv 
30 perature of usually -50 to 1 50° C, preferably -20 to 120** C, with a contact time of 1 minute to 50 hours, preferably 
10 minutes to 25 hours. 

In the catalyst (2) for olefin polymerization obtained as described above. It is desirable that the transition 
metal derived from component (a-2) Is supported in an amount of5x10-«to5x10^g atom, preferably 1 x 
10-^ to 2 x 10-^ g atom, and aluminum derived firom components (b) and (d) ts supported in an amount of 
35 10-3to5x10-3g atom, preferably 2x10-^to2x10-2g atom, all the amounts being based on 1 g of the com- 
ponent (c). 

Further, the catalyst for preparing the ethylene/a-olefin copolymer [A-3] used in the present invention may 
be a prepolymerized catalyst (2) obtained by prepolymerization of olefin in the presence of the above- 
mentioned components (a-2), (b) and (c), and if necessary, (d). 

40 The prepolymerized catalyst (2) can be prepared by mixing the component (a-2), the component (b), the 

component (c), and if necessary, the component (d), introducing olefin to the resulting mixture in the inert hy- 
drocarbon solvent, and carrying out prepolymerization. 

The olefins which can be prepolymerized include ethylene and a-olef ins each having 3 to 20 carbon atoms, 
forexample, propylene, 1-butene, 1-pentene,4-methyl-1-pentene, 1-hexene, 1-octene. 1-decene. l-dodecene 

45 and 1-tetradecene. Of these, particularly preferred is ethylene or the combination of ethylene and a-olef in 
used in the polymerization. 

During the prepolymerization, the component (a-2) is used usually in a concentration of is 1 x 10-« to 2 x 
10-2 mol/l, preferably 5 x 10-^ to 1 x 10-* mol/l and amount thereof is usually 5 x 10-« to 5 x 10-^ mol, preferably 
1 x lO-^to 2 X 10-* mol based on 1 g of the component (c). The atomic ratio (Al/transition metal) of the aluminum 

so in the component (b) to the transition metal in the component (a-2) is usually 10 to 500, preferably 20 to 200. 
The atomic ratio (AI-d/AI-b) of the aluminum atoms (Al-d) in the component (d) optionally used to the aluminum 
atoms (/M-b) in the component (b) is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymerization is carried 
out at a temperature of -20 to 80'>C, preferably 0 to 60°C, with a time of 0.5 to 100 hours, preferably 1 to 50 
hours. 

55 The prepolymerized catalyst (2) can be prepared as described below. First, the carrier (component (c)) is 
suspended in the inert hydrocarbon. To the suspension, the organoaluminum oxy*compound catalyst compo- 
nent (component (b)) is introduced, and reacted for predetermined period. Successively, supernatant is re- 
moved, and the resulting solid component is re-suspended in the inert hydrocarbon. Into the system, the tran- 
sition metal compound catalyst component (component (a-2)) is added and reacted for predetermined period. 
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Then, supernatant is removed to obtain a solid catalyst component. Continuously, the solid catalyst component 
obtained above is added into inert hydrocarbon containing the organoaluminum compound catalyst component 
(component (d)), and olefin is introduced therein to obtain the pre polymerized catalyst (2). 

5 An amount of prepolymerized polyolef in produced in the prepolymerization is, desirably based on 1 g of 

the carrier (c), of 0.1 to 500g. preferably 0.2 to 300g, more preferably 0.5 to 200 g. In the prepolymerized cat- 
alyst (2). component (a-2) is desirably supported in an amount in terms of transition metal atom, based on 1 
gofthecarrier(c),ofabout5x 10-^to5x10^gatom, preferably 1 x 10-^ to 2 x 10-* g atom. Further, a molecular 
ratio (Al/M) of aluminum atom (Al) derived from components (b) and (d) to transition nnetal atom (M) derived 

10 firom component (a-2) is usually 5 to 200, preferably 10 to 150. 

The prepolymerization may be carried out either batchwise or continuously, and under reduced pressure, 
normal pressure or applied pressure. During the prepolymerization, hydrogen may be allowed to be present 
to obtain a prepolymer desirably having an intrinsic viscosity [r)] of 0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as meas- 
ured in decalin at least 135°C. 

15 The ethylene/a-olef in copolymers [A-3] used in the present invention are obtained by copolymerizing ethy- 
lene with an a-olefin having 3 to 20 carbon atoms such as propylene. 1-butene, 1-pentene, 1-hexene, 4-methyi- 
1-pentene. 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, l-octadecene and 1-eicosene in 
the presence of the olefin polymerization catalyst (2) or the prepolymerized catalyst (2). 

Copolymerization of ethylene and a-olefin is carried out in a gas phase or liquid phase, for example, in 

20 slurry. In the slurry polymerization, an inactive hydrocarbon or the olefin itself may be used as a solvent. 

Concrete examples of the inactive hydrocarbon solvent Include aliphatic hydrocarbons such as butane, 
isobutane, pentane. hexane, octane, decane, dodecane. hexadecane and octadecane; alicydic hydrocarbons 
such as cyciopentane, methyicydopentane, cyclohexane and cyciooctane; aromatic hydrocarbons such as 
benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and gas oil. Of these inactive 

25 hydrocarbons, preferred are aliphatic hydrocarbons, alicydic hydrocarbons and petroleum fractions. 

When the copolymerization is carried out by the slurry method or the gas phase method, the olefin poly- 
merization catalyst (2) or the prepolymerized catalyst (2) is used at such amount that the concentration of the 
transition metal compound becomes usually 1 0-^ to 1 0-^ g atom/liter, preferably 1 (h^ to 1 0-^ g atom/liter in terms 
of the transition metal in the polymerization reaction system. 

30 Furthermore, in the polymerization, an organoaluminum oxy-compound similar to the catalyst component 
(b) and/or an organoaluminum compound (d) may be added. In this case, the atomic ratio (Al/M) of the alumi- 
num atom (Al) derived from the organoaluminum oxy-compound and the organoaluminum compound to the 
transition metal atom (M) derived from the transition metal compound catalyst component (a-2) is 5 to 300, 
preferably 10 to 200. more preferably 15 to 150. 

35 When the ethylene/a-olefin copolymer [A-3] is prepared by the slurry polymerization, the polymerization 
temperature is usually -30 to lOO^'C, preferably 20 to 90^C. When the ethylene/a-olefin copolymer [A-3] is pre- 
pared by the gas phase polynnerization, the polymerization temperature is usually 20 to 120^C. preferably 40 
tolOO^'C. 

The polymerization is carried out usually at a normal pressure to 100 kg/cm^, preferably under a pressure 
40 condition of 2 to 50 kg/cm^. The polymerization can be carried out either batchwise. semicontlnuously or con- 
tinuously. 

[Ethytene/a-otef in copolymer composition [la]] 

45 The ethylene/a-olefin copolymer composition [la] comprises the ethylene/a-olefin copolymer [A-2] and the 
ethylene/a-olefin copolymer [A-3]. In this composition [la], the ethylene/a-olefin copolymer [A-2] is contained 
in an amount of 5 to 95 % by weight, preferably 10 to 90 % by weight and the ethylene/a-olefin copolymer [A- 
3] is contained in an amount of 5 to 95 % by weight preferably 10 to 90 % by weight. 

The ethylene/a-olefin copolymer [A-2] and the ethylene/a-olefin copolymer [A-2] are appropriately com- 

50 bined so that a density ratio ([A-21/[A-31) of the ethylene/a-olefin copolymer [A-2] to the ethylene/a-olefin co- 
polymer [A-3] is less than 1, preferably in the range of 0.930 to 0.999. Further, they are also appropriately conrv 
bined so that a ratio ([nA-2l/[nA-3]) of the intrinsic viscosity [11^.2] of the ethylene/a-oiefin copolymer [A-2] to 
the intrinsic viscosity [iia. 3] of the ethyiene/a-olef in copolymer [A-3] Is not less than 1 . preferably in the range 
of 1.05 to 10, more preferably 1.1 to 5. 

55 The ethylene/a-olefin copolymer composition has a density of usually 0.890 to 0.955 g/cm^, preferably 
0.905 to 0.950 g/cm^. and has a melt flow rate (MFR), as determined In accordance with ASTM D1238-65T 
under the conditions of a temperature of 190 ""C and a load of 2.16 kg, of 0.1 to 100 g/10 min, preferably 0.2 
to 50 g/10 min. 

The ethylene/a-olefin copolymer composition [la] can be prepared by known processes, for example, proc- 
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esses described below. 

(1) A process of mechanically blending the ethylene/a-olefin co polymer [A'2], the ethylene/a-olefin copo- 
lymer [A-3], and if necessary, other optional components by the use of an extruder, a kneader or the like. 
5 (2) A process comprising dissolving the ethylene/a-olefin copolymer [A-2], the ethylene/a-olefin copoly- 

mer [A-3], and if necessary, other optional components in an appropriate good solvent (e.g.. hydrocarbon 
solvent such as hexane, heptane, decane. cydohexane. benzene, toluene and xylene), and then removing 
the solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olefin copolymer [A-2], the ethylene/a- 
10 olefin copolymer [A-3], and if necessary, other optional components in an appropriate good solvent to pre- 
pare solutions, then mixing the solutions, and removing the solvent from the resulting mixture. 

(4) A process in any combination of the above processes (1) to (3). 

Further, the ethylene/a-olefin copolymer composite n [la] may be prepared by forming the ethylene/a-ole- 
fin copolymer [A-2] and the ethylene/a-olefin copolymer [A-3] in two or more copoiymerization stages having 
IS reaction conditions different from each other, or may be prepared by separately forming the ethylene/a-olefin 
copolymer [A-2] and the ethylene/a-olefin copolymer [A-3] by the use of plural polymerizers. 

[High- pressure radical polymerization low-density polyethylene [lla]] 

20 As the high-pressure radical polymerization tow-density polyethylene [lla] employable for the fourth ethy- 
lene copolymer compositton may be the same as the high-pressure radical polymerization low-density poly- 
ethylene [B-1] used for the first ethylene copolymer compositton. 

[Ethylene copolymer composition] 

25 

The fourth ethylene copolymer composition according to the present invention comprises the ethylene/a- 
olefin copolymer composition [la] and the high-pressure radical polymerizatk)n low-density polyethylene [lla]. 
It is desirable that a weight ratio ([la]:[lla]) between the ethylene/a-olefin copolymer composition [la] and the 
high-pressure radical polymerization iow-density polyethylene [lla] is usually in the range of 99:1 to 60:40, pre- 

30 ferably 98:2 to 70:30, more preferably 98:2 to 80:20. 

When the amount of the high-pressure radical polymerization low-density polyethylene is less than the 
lower limit of the above range, the resulting composition may be Improved insufficiently in the transparency 
and the melt tension. On the other hand, when the amount thereof is larger than the upper limit of the above 
range, the resulting composition may considerably be deteriorated in the tensile strength and the stress crack 

35 resistance. 

The fourth ethylene copolymer composition according to the invention may contain various additives if de- 
sired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
anti-fogging agent lubrk:ant. pigment, dye. nucleating agent plasticizer. antKaging agent, hydrochloric acid ab- 
sorbent and antioxidant provided that the object of the invention is not marred. 
40 The fourth ethylene copolymer composition according to the invention can be prepared by known proc- 
esses, for example, processes described below. 

(1) Aprocess of mechanically blending the ethylene/a-otefin copolymer composition [la], the high-pressure 
radical polymerization low-density polyethylene [ila], and if necessary, other optional components by the 
use of an extruder, a kneader or the like. 
45 (2) A process comprising dissolving the ethylene/a-olefin copolymer composition [la], the high-pressure 
radksal polymerization low-density polyethylene [lla], and if necessary, other optional components in an 
appropriate good solvent (e.g., hydrocarbon solvent such as hexane, heptane, decane. cydohexane, ben- 
zene, toluene and xylene), and then removing the solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olefin copolymer composition pa], the 
50 high-pressure radical polymerization low-density polyethylene [lla], and if necessary, other optk>nai conrv 

ponents in an appropriate good solvent to prepare soluttons, then mbcing the sdutions, and rsnrK>ving the 
solvent from the resulting mixture. 

(4) A process in any combination of the above processes (1) to (3). 

The fourth ethylene copolymer composition according to the present invention may be processed by a con- 
55 ventional molding method, for example, air-cooling inflation molding, two-stage air-cooling inflation molding, 
high-speed inflation molding, T-die film molding, water-cooling Inflation molding or the like, to obtain a film. 
The film thus obtained has excellent transparency, mechanical strength and blocking resistance, and retains 
properties inherent in general LLDPE, such as heat-seating properties, hot-tack properties and heat resistance. 
Further, the film is free from surface stickiness because each of the ethylene/a-olefin copolymer (A-2] and 
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the ethytene/a-olef in copolymer [A-3] has a prominently narrow composition distribution. Moreover, because 
of low stress within the high-shear region, the ethylene copolymer composition can be extruded at a high 
speed, and thus consumption of electric power is small » resulting In economical advantage. 

5 Films obtained from the fourth ethylene copolymer composition of the Invention are suitable for, for ex- 

ample, standard bags, heavy duty bags, wrapping films, materials for laminates, sugar bags, packaging bags 
for oily goods, packaging bags for moist goods, various packaging films such as those for foods, bags for liquid 
transportation and agricultural materials. The films may also be used as multi-layer films by laminating the films 
on various substrates such as a nylon substrate and a polyester substrate. Further, the films may be used for 

10 liquid transportation bags obtained by blow molding, botties obtained by blow molding, tubes and pipes ob- 
tained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous goods, 
fibers, and large-sized molded articles obtained by rotational molding. 
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[Fifth ethylene copolymer composition] 

The fifth ethylene copolymer composition according to the present invention comprises an ethylene/a- 
olef in copolymer [A-4] and a high-pressure radical polymerization low-density polyethylene [B-4]. 

[Ethylene/a-olefin copolymer [A-1]] 



The ethylene/a-olefin copolymer [A-4] used in the invention is a random copolymer of ethylene with an 
a-olef In of 3 to 20 carbon atones. Examples of the a-olef in of 3 to 20 carbon atoms employable for copolymer- 
Izatbn with ethylene include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-de- 
cene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 

25 In the ethylene/a-olefin copolymer [A-4], it is desired that constituent units derived from ethylene are pres- 

ent in an anx}unt of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from an a-olef in of 3 to 20 carbon atonns are present in an amount of 1 to 45 % 
by weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight. 

It Is desired that the ethylene/a-olefln copolymer [A-4] used In the invention has the following properties 

30 (I) to (V). 

(I) The density (d) is usually In the range of 0.880 to 0.960 g/cm^ preferably 0.890 to 0.935 Qfcm\ more 
preferably 0.905 to 0.930 g/cm^. 

(ii) The melt flow rate (MFR) is usually in the range of 0.01 to 200 g/10 min, preferably 0.05 to 50 g/10 min, 
more preferably 0.1 to 10 g/10 min. 
35 (ill) The temperature (Tm f'C)) at which the endothermic curve of the copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 
Tm < 400 X d - 250, 
preferably Tm < 450 x d - 297, 
more preferably Tm < 500 x d - 344, 
40 particularly preferably Tm < 550 x d - 391 . 

(iv) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation: 

MT^2.2xMFR-ow 

(v) The fraction of a n-decane-solub!e component at 23 (W % by weight) and the density (d) satisfy the 
relation: 

45 in the case of MFR £ 1 0 g/1 0 min, 

W < 80 X exp(-100(d-0.88)) * 0.1, 
preferably W < 60 x exp(-1 00(d-0.88)) -i- 0.1. 
more preferably W < 40 x exp(-100{d-0.88)) + 0.1, 
in the case of MFR > 10 g/10 min, 
50 W < 80 X (MFR-9)0-2e x exp(-100(d-0.88)) + 0.1. 

It may be concluded from the relation between the temperature (Tm) at which the endothenmlc curve 
measured by a differential scanning calorimeter (DSC) shows the maximum peak and the density (d), and the 
relation between the fraction (W) of a n-decane-soluble component and the density (d), that the ethylene/a- 
olefln copolymer [A-4] has a narrow composition distribution. 
55 Further, the number of unsaturated bond present in the molecule of the ethylene/a-olefin copolymer [A- 
4] is desirably not more than 0.5 per 1,000 carbon atoms and less than 1.0 per one molecule of the copolymer. 
In the ethylene/a-olefin copolymer [A-4], the B value represented by the following formula: 

B = -^ 
2Po.PE 
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(wherein PE is a molar fraction of the ethylene component contained in the copolymer, Po is a molar fraction 
of the a-olefin component contained in the copolymer, and PoE is a molar fraction of the a-olof in/ethylene 
chain in all of the dyad chains), desirably is a number satisfying the following condition: 
5 1.00^8, 

preferably 1.01 ^8^1.50. 
more preferably 1.01 £ B £ 1.30. 
The B value Indicates a distribution of each monomer component in the copolymer chain, and can be cal- 
culated from the values for PE. Po and PoE defined above determined in accordance with the reports by, for 
10 example, G.J. Ray(Macromolecules, 10,773, 1977), J. C.Randall (Macromolecules, 15,353, 1982), J. Polymer 
Science, Polymer Physics Ed., 11. 275, 1973), and K. Kimura (Polymer, 25, 441, 1984). Acopolymer with a 
larger B value is a copolymer having a narrower composition distribution in which block-like chains of the co- 
polymer chains are reduced and ethylene and a-olefin are uniformly distributed. 

The B value indicating the composition distribution was calculated from the values for PE, Po and PoE 
IS which were obtained from a ^^C-NMR spectrum measured on a sample having been obtained by uniformly dis- 
solving about 200 mg of a copolymer in 1 mi of hexachlorobutadiene under the conditions of usually a temper- 
ature of 120 "C, a frequency of 25.05 MHz. a spectrum width of 1,500 Hz. a filter width of 1,500 Hz, a pulse 
repetition period of 4.2 sec, a pulse width of 7 ^sec and integration times of 2.000 to 5,000. 

The ethyiene/a-olef in copolymer [A-4] having the properties as mentioned above can be prepared by co- 
20 polymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of an olefin polymerization cat- 
alyst formed from (a-3) a transition metal compound catalyst component and (b) an organoaluminum oxy-conrn 
pound catalyst component, both being described later, in such a manner that the resulting copolymer would 
have a density of 0.8B0 to 0.980 g/cm^. In particular, the copolymer can be prepared by copolymerizing ethy- 
lene and an a-olefin of 3 to 20 carbon atoms in the presence of an olefin polymerization catalyst (3) formed 
25 from (a-3) a transition metal compound catalyst component, (b) an organoaluminum oxy-compound catalyst 
component, (c) a carrier, and if necessary, (d) an organoaluminum compound catalyst component, all compo- 
nents being described later, or a prepolymerized catalyst (3) In such a manner that the resulting copolymer 
would have a density of 0.880 to 0.960 g/cm^. 

First, the transition metal compound catalyst component (a-3) is explained below. 
30 The transition metal compound catalyst component (a-3) (sometimes referred to as "component (a-3)" 
hereinafter) is a transition metal compound represented by the following formula [VI] 

MLx [VI] 

wherein M is a transition metal atom selected from Group IVB of the periodic table, L is a ligand coordinating 
to the transition metal atom M, at least two of L are cydopentadienyi groups, methylcyclopentadienyt groups, 

35 ethyicyclopentadientyl groups or substituted cydopentadienyi groups having at least one substituent selected 
from hydrocarbon groups of 3 to 10 carbon atoms, L other than the (substituted) cydopentadienyi group is a 
hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a halogen atom, a trialkytsilyl 
group or a hydrogen atom, and x is a valence of the transition metal M. 

In the above-mentioned formula [VI], M is a transition metal selected from Group IVB of the periodic table, 

40 and concrete preferable examples of M indude zirconium, titanium and hafnium. Of these, particularly prefer- 
red is zirconium. 

The substituted cydopentadienyi group may have two or more of substituents, and each substituent may 
be the same or different. When the substituted cydopentadienyi has two or more of substituents, at least one 
substituent is a hydrocarbon group of 3 to 10 carbon atoms, and other substituents are methyl, ethyl or a hy- 
45 drocarbon group of 3 to 10 carbon atoms. Further, each substituent coordinated to the M may be the same or 
different. 

The hydrocarbon group having 3 to 10 carbon atoms indudes. for example, an alkyi group, a cydoalkyi 
group, an aryl group and an aralkyl group, and concrete examples of these groups are 

an alkyi group such as n-propyl, isopropyl, n-butyl. isobutyl, sec-butyl, t-butyl, pentyl. hexyl. octyl, 2- 
50 ethylhexyt, decyl; 

a cydoalkyi group such as cycio pentyl and cyclohexyl; 
an aryl group such as phenyl and tolyt; and 
an aralkyt group such as benzyl and neophyl. 
Of these, preferred is an alkyi group, and particularly preferred is n-propyl and n-butyl. 
55 in the present invention, the (substituted) cydopentadienyi group coordinated to the transitton metal atom 
is preferably a substituted cydopentadienyi group, n>ore preferably a cydopentadienyi group substituted with 
alkyi having 3 or more of carison atoms, especially a di-substituted cydopentadienyi group, particularly 1.3- 
substituted cydopentadienyi group. 

In the above formula [VI], the ligand L coordinated to the transition metal atom M other than the (substi- 
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tuted) cyciopentadienyi group includes a hydrocarbon group of 1 to 12 carbon atonr^, an alkoxy group, an ar- 
yloxy group, halogen, trialkylsllyl group or hydrogen. 

The hydrocarbon group having 1 to 12 carbon atoms Includes, for example, an alkyi group, a cydoalkyi 
group* an aryl group and an aralkyi group, and concrete examples of these groups are as follows; 

an atkyi group such as methyl, ethyl, n-propyl, Isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl. pentyl, hex- 
yl, octyi, 2-ethylhexyl and decyl; 

a cydoalkyi group such as cyclopentyl and cydohexyl; 

an aryl group such as phenyl and tolyl; 

an aralkyi group such as benzyl and neophyl; 

an alkoxy group such as methoxy, ethoxy, n-propoxy. isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t- 
butoxy. pentoxy, hexoxy and octoxy; 

an aryloxy group such as phenoxy; and 

halogen such as fluorine, chlorine, bromine and k>dine; 

a trialkylsllyl group such as trimethylsilyl, Irlethylsilyl and triphenylsllyl. 
Listed below are concrete examples of the transition metal compound represented by the formula [VI]. 
Bis(cydopentadienyl)zirconium dichloride, 

Bis(methylcyciopentadienyl)zirconiumdichlorkle, 

Bis(ethylcydopentadienyl)zirconium dichloride. 

Bis(n-propylcydopentadienyl)zirconium dichloride, 

Bis( n- butyl cyclopentadienyl)zirconlumdlchlorkJe, 

Bis(n-hexylcydopentadienyl)zirconium dichloride. 

Bis(methyl-n-propytcydopentadienyl)zirconium dichloride, 

Bis(methyl-n-butylcydopentadienyl)zirconlum dichloride, 

Bis(dimethyl-n-butylcyclopentadienyl)zirconium dichloride, 

Bis(n>butylcyciopentadieny1)zirconium dibromide, 

Bis(n-butylcyclopentadienyl)zirconium methoxychloride. 

Bis(n-butylcyclopentadienyl)zirconium ethoxychloride. 

Bis(n-butytcyclopentadienyl)zirconium butoxychloride. 

Bis(n-butylcyclopentadieny1)zirconlum diethoxide, 

Bls(n-butylcyclopentadienyl)zlrconium methylchloride. 

Bis(n-buty1cyclopentadienyl)zirconlum dimethyl. 

Bis(n-buty{cyclopentadieny1)zirconium benzylchloride, 

Bis(n-butylcyclopentadieny1)zirconium dibenzyl, 

Bis(n-butylcyclop6ntadienyl)zirconium phenylchloride, 

and 

Bis(n-butylcyclopentadienyl)zirconium hydridechioride. 
In the above exemplified compounds, di-substituted cyciopentadienyi indude 1 ,2- and 1 ,3-substituted, and 
tri-substltuted indude 1,2,3- and 1,2,4-substituted. 

There may also be used transition metal compounds obtained by substituting titanium or hafnium for zir- 
conium in the above-exemplified zirconium compounds. 

Of these transition metal compounds represented by the formula [VI], particularly preferred is 
Bis(n-propylcydopentadienyl)zirconium dichloride, 
6is(n-butylcyclopentadienyl)zirconium dichlorkie, 
Bis(1-methyl-3-n-propytcydopentadienyl)zirconium dichloride, or 
Bis(1-methyl-3-n-buty1cydopentadienyl)zirconium dichloride. 
The organoaluminum oxy-compound catalyst component (b) [component (b)] which forms the olefin poly- 
merization catalyst (3) is the same as the organoluminum oxy-compound which forms the above mentioned 
olefin polymerization catalyst (1). 

The carrier (c) [component (c)] which forms the olefin polymerization catalyst (3) is the same as the carrier 
which forms the above mentioned olefin polymerization catalyst (1). 

The optionally used organoaluminum compound catalyst component (d) [component (d)] is the same as 
the organoaluminum compound which forms the above mentioned olefin polymerization catalyst (1). 

The ethylene/a-olef in copolymer [A-4] used in the present Invention can be prepared by the olefin poly- 
merization catalyst (3) formed by contacting the above-mentioned components (a-3), (b), (c) and if necessary, 
component (d). Though the mixing of these components (a-3), (b), (c) and (d) may be conducted in aititrarily 
selected order, the mixing and contacting is preferably conducted in the order of: 

mixing and contacting the components (b) and (c), followed by mbdng and contacting the component 
(a-3), and if necessary, mixing and contacting the component (d). 
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The mixing of the above-mentioned components (a-3), (b), (c) and (d) can be carried out in an inert hy- 
drocarbon. 

As the inert hydrocarbon solvent, there may be mentioned an aliphatic hydrocarbon, such as propane, bu- 
5 tane, pentane, hexane, heptane, octane, decane, dodecane and kerosene; 

an alicyclic hydrocarbon, such as cydopentane, cydohexane and methylcyclopentane; 
an aromatic hydrocarbon, such as benzene, toluene and xylene; 

a halogenated hydrocarbon, such as ethylene chloride, chlorobenzene and dichloromethane; and a mix- 
ture thereof. 

10 In the contacting and mixing of the components (a-3), (b), (c) and if necessary (d), the component (a-3) 
is used usually in an amount of 5 x ICH to 5 x 1(H mol preferably 1x10^to2x1CH mol based on 1 g of the 
component (c), and the concentration thereof is 1 x to 2 x 10^^ inQ|/|^ preferably 2x1(Hto1x10-2 mol/l. 
The atomic ratio (Al/transition metal) of the aluminum in the component (b) to the transition metal in the com- 
ponent (a-3) is usually 10 to 500, preferably 20 to 200. The atomic ratio (Al-d/AI-b) of the aluminum atoms (Al- 

15 d) in the component (d) optionally used to the aluminum atoms (Al-b) In the component (b) Is usually 0.02 to 
3, preferably 0.05 to 1.5. 

The components (a-3), (b) and (c), and if necessary, the component (d) are mixed and contacted at a tenv 
perature of usually -50 to 1 50" C. preferably -20 to 120° C, with a contact time of 1 minute to 50 hours, preferably 
10 minutes to 25 hours. 

20 In the catalyst (3) for olefin polymerization obtained as described above, it is desirable that the transition 
metal derived from component (a-3) is supported in an amount of5x10-^to5x1(Hg atom, preferably 1 x 
10^ to 2 x 10-^ g atom, and aluminum derived from components (b) and (d) Is supported in an amount of 
10-3 to 5 X 1Ch2 g atom, preferably 2 x 10-3 to 2 x 10-2 g atom, all the amounts being based on 1 g of the com- 
ponent (c). 

25 Further, the catalyst for preparing the ethylene/a-olefin copolymer [A-4] used in the present invention may 
be a prepolymerlzed catalyst (3) obtained by prepoiymerization of olefin in the presence of the abov&- 
mentioned components (a-3), (b) and (c), and if necessary, (d). 

The prepolymerlzed catalyst (3) can be prepared by mbcing the component (a-3), the component (b), the 
component (c), and if necessary, the component (d), introdudng olefin to the resulting mixture In the inert hy- 

30 drocarbon solvent, and carrying out prepoiymerization. 

The olefins which can be prepolymerized indude ethylene and a-olef ins each having 3 to 20 carbon atoms, 
for example, propylene, 1-butene, 1-pentene,4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene 
and 1-tetradecene. Of these, particularly preferred Is ethylene or the combination of ethylene and a-olef In 
used in the polymerization. 

35 During the prepoiymerization, the component (a-3) is used usually in a concentration of is 1 x 10-^ to 2 x 
1 0-2 mol/l, preferably 5xia^to1x10-2 mol/l and amount t hereof is usually 5x10^to5x10^mol, preferably 
1x10^ to 2x10** mol based on 1 g of the component (c). The atomic ratio (Al/transition metal) of the aluminum 
in the component (b) to the transition metal in the component (a-3) is usually 10 to 500, preferably 20 to 200. 
The atomic ratio (AI-d/AI-b) of the aluminum atoms (Al-d) in the component (d) optionally used to the aluminum 

40 atoms (Al-b) in the component (b) is usually 0.02 to 3, preferably 0.05 to 1 .5. The prepoiymerization is carried 
out at a temperature of -20 to SO^C, preferably 0 to 60°C, with a time of 0.5 to 100 hours, preferably 1 to 50 
hours. 

The prepolymerized catalyst (3) can be prepared as described below. First, the carrier (component (c)) is 
suspended In the inert hydrocarbon. To the suspension, the organoaluminum oxy-compound catalyst compo- 

45 nent (component (b)) Is Introduced, and reacted for predetermined period. Successively, supernatant Is re- 
moved, and the resulting solid component is re-suspended in the inert hydrocarbon. Into the system, the tran- 
sition metal compound catalyst component (component (a-3)) is added and reacted for predetermined period. 
Then, supernatant is removed to obtain a solid catalyst component. Continuously, the solid catalyst component 
obtained above is added into inert hydrocarbon containing the organoaluminum compound catalyst component 

50 (component (d)), and olefin is introduced therein to obtain the prepolymerized catalyst (3). 

An amount of prepolymerized polyolefin produced In the prepoiymerization is, desirably based on 1 g of 
the carrier (c), of 0.1 to 500g, preferably 0.2 to 300g, more preferably 0.5 to 200 g. In the prepolymerized cat- 
alyst (3), component (a-3) is desirably supported in an amount in terms of transition metal atom, based on 1 
g of t he car rier (c), of about 5x10-«to5x10^g atom, preferably 1 x 1 0-« to 2 x 1 0-* g atom. Further, a molecular 

55 ratio (Al/M) of aluminum atom (Al) derived from components (b) and (d) to transition metal atom (M) derived 
from component (a-3) is usually 5 to 200, preferably 10 to 150. 

The prepoiymerization may be carried out either batchwise or continuously, and under reduced pressure, 
normal pressure or applied pressure. During the prepoiymerization, hydrogen may be allowed to be present 
to obtain a prepolymer desirably having an intrinsic viscosity [ti] of 0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as meas- 
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ured in decalin at least ^35''C. 

The ethylene/a-olef in copolymers [A-4] used in the present invention are obtained by copolymerizing ethy- 
lene with an a-oief in having 3 to 20 carbon atoms such as propylene, 1-butene, 1-pentene, 1-hexene, 4-m6thyl- 
5 1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, l-octadecene and l-elcosene in 
the presence of the olefin poiymerization catalyst (3) or the prepolymerized catalyst (3). 

Copotymerlzatlon of ethylene and a-olef In Is carried out in a gas phase or liquid phase, for example, in 
slurry. In the slurry polymerization, an inactive hydrocarbon or the olefin itself may be used as a solvent. 

Concrete examples of the inactive hydrocarbon solvent Include aliphatic hydrocarbons such as butane, 
10 isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and octadecane; alicydic hydrocarbons 
such as cyclopentane, methylcyciopentane, cyclohexane and cyclooctane; aromatic hydrocarbons such as 
benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and gas oil. Of these inactive 
hydrocarbons, preferred are aliphatic hydrocarbons, alicydic hydrocarbons and petroleum fractions. 

When the copolymerizatlon is carried out by the slurry method or the gas phase method, the olefin poiy- 
15 merization catalyst (3) or the prepolymerized catalyst (3) is used at such amount that the concentration of the 
transition metal compound becomes usually 1(Hto Kh^g atonrVliter, preferably 1(h^to 10-^ g atom/liter in terms 
of the transition metal in the polymerization reaction system. 

Furthermore, in the polymerization, an organoaluminumoxy-compound similar to the catalyst component 
(b) and/or an organoaluminum compound (d) may be added. In this case, the atomic ratio (Al/M) of the alumi- 
20 num atom (Al) derived from the organoaluminum oxy-compound and the organoaluminum compound to the 
transition metal atom (M) derived from the transition metal compound catalyst component (a-3) is 5 to 300, 
preferably 10 to 200, more preferably 15 to 150. 

When the ethylene/a-o(efin copolymer IA-4] is prepared by the slurry polymerization, the polymerization 
temperature is usually -50 to 100°C, preferably 0 to 90**C. When the ethylene/a-olef in copolymer [A-4] is pre- 
25 pared by the gas phase polymerization, the polymerization temperature is usually 0 to 120''C, preferably 20 
tolOO^C. 

The polymerization is carried out usually at a normal pressure to 100 kg/cm^, preferably under a pressure 
condition of 2 to 50 kg/cm^. The polymerization can be carried out either batchwise, semicontinuously or con- 
tinuously. 

30 Further, the polymerization may also be carried out in not less than 2 steps having reaction conditions 
different from each other. 

[High-pressure radical polymerization low-density polyethylene [B-4]] 

35 The high-pressure radical polymerization low-density polyethylene [B-4] used in the invention is a branch- 
ed polyethylene having a number of long chain branches prepared by so-called high-pressure radical polymer- 
ization, and has a melt flow rate (MFR), as determined in accordance with ASTM D1238-65T under the con- 
ditions of a temperature of 190 and a load of 2.16 kg, of 0.1 to 50 g/10 min, preferably 0.2 to 10 g/10 min, 
more preferably 0.2 to 8 g/10 min. 
40 In the high-pressure radical polymerization low-density polyethylene [8-4] used in the invention, the Index 
of the molecular weight distribution (Mw/Mn, Mw = weight-average molecular weight. Mn - number-average 
molecular weight) measured by means of gel permeation chromatography (GPC) and the melt flow rate (MFR) 
satisfy the relation: 

7.5 X log(MFR) - 1.2 ^ Mw/Mn S 7.5 x log(MFR) + 12.5, preferably 
45 7.5 X log(MFR) - 0.5 ^ Mw/Mn s 7.5 x log(MFR) -i- 12.0, more preferably 

7.5 X log(MFR) S Mw/Mn S 7.5 x log(MFR) + 12.0. 
The high-pressure radical polymerization low-density polyethylene [B-4] used in the invention desirably 
has a density (d) of 0.910 to 0.930 g/cm^. 

Further, in the high-pressure radical polymerization low-density polyethylene [B-4] used in the invention, 
50 a swell ratio indicating a degree of the long chain branch, namely, a ratio (Ds/D) of a diameter (Ds) of a strand 
to an inner diameter (D) of a nozzle. Is desirably not less than 1.3. The strand used herein is a strand extruded 
from a nozzle having an inner diameter (0) of 2.0 mm and a length of 15 mm at an extrusion rate of 10 mm/min 
and a temperature of 190 "^C using a capillary type flow property tester. 

The high-pressure radteal polymerizatton iow-density polyethylene [B-4] as mentioned above may be a 
55 copolymer obtained by copolymerizing ethylene with a polymerizable monomer such as other a-olef in, vinyl 
acetate or acrylic ester, provided that the object of the present invention is not niarred. 
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[Ethylene copolymer composition] 

The fifth ethylene copolymer composition according to the invention comprises the aforementioned ethy- 
5 lene/a-olef in copolymer [A-4] and the high-pressure radical polymerization low-density polyethylene [B-4], and 
a weight ratio (IA-4]:[B-4]) between the ethylene/a-olef in copolymer (A-4] and the high-pressure radical poly- 
merization low-density polyethylene [B-4] Is usually in the range of 99: 1 to 60:40, preferably 98:2 to 70:30. more 
preferably 98:2 to 80:20. 

When the amount of the high-pressure radical polymerization low-density polyethylene [B-4] is less than 
10 the lower limit of the above range, the resulting composition is sometimes improved insufficiently in the trans- 
parency and the melt tension, and when the amount thereof is larger than the upper limit of the above range, 
the resulting composition is sometimes markedly deteriorated In the tensile strength and the stress crack re- 
sistance. 

The fifth ethylene copolymer composition according to the invention may contain various additives if de- 
f5 sired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
antifogging agent, lubricant, pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 

The fifth ethylene copolymer composition according to the invention can be prepared by known processes, 
for example, processes described below. 
20 (1) A process of mechanically blending the ethylene/a-olef in copolymer [A-4], the high-pressure radical 
polymerization low-density polyethylene [B-4]. and if necessary, other optional components by the use of 
an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethylene/a-oief In copolymer [A-4], the high-pressure radical poly- 
merization low-density polyethylene [B-4], and if necessary, other optional components in an appropriate 

25 good solvent (e.g., hydrocarbon solvent such as hexane, heptane, decane, cyclohexane, benzene, toluene 
and xylene), and then removing the solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olef in copolymer [A-4], the high- 
pressure radical polymerization low-density polyethylene [B-4], and if necessary, other optional compo- 
nents in an appropriate good solvent to prepare solutions, then mixing the solutions, and removing the 

30 solvent from the resulting mixture. 

(4) A process of combining the above processes (1) to (3). 

The fifth ethylene copolymer composition according to the present Invention is subjected to ordinary air- 
cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film nnold- 
ing, water-cooling inflation molding or the like, to obtain a film. The film thus obtained is excellent in transpar- 

35 ency and mechanical strength, and has properties inherently belonging to general LLOPE. such as heat-sealing 
properties, hot-tack properties, heat resistance and blocking resistance. Further, the film is free from surface 
stickiness because the ethylene/a-olef In copolymer [A-4] has a prominently narrow compositksn distribution. 
Moreover, because of tow stress within the high-shear region, the ethylene copolymer composition can be ex- 
truded at a high speed, and consumption of electric power is small, resulting in economical advantage. 

40 Films obtained by processing the fifth ethylene copolymer composition of the present invention are suit- 
able for, for example, standard bags, heavy bags, wrapping films, materials for laminates, sugar bags, pack- 
aging bags for oily goods, packaging bags for moist goods, various packaging films such as those for foods, 
bags for liquid transportation and agricultural materials. The films may also be used as multi-layer films by lanv 
inating the films on various substrates such as a nylon substrate and a polyester substrate. Further, the films 

45 may be used for liquid transportation bags obtained by blow molding, bottles obtained by blow molding, tubes 
and pipes obtained by extrusion molding, pull-off caps, injection nrK>lded products such as daily use miscella- 
neous goods, fibers and large-sized molded articles obtained by rotational molding. 

[Sixth ethylene copolymer composition] 

50 

The sixth ethylene copolymer composition according to the present inventton comprises an ethylene/a- 
olefin copolymer [A-4] and a crystalline polyolefin [B-2]. 

[Ethylene/a-olef in copolymer [A-4]] 

55 

The ethylene/a-olef in copolymer [A-4] employable for the sixth ethylene copolymer composition Is the 
same as the ethylene/a-olef in copolymer used for the fifth ethylene copolymer composition described above. 
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[Crystalline polyolef in [B-2]] 

The crystalline polyolef in [B-2] employable for the sixth ethylene copolynner composition is the same as 
5 the crystalline polyolef ins (B-l) to (B-lll) used for the second ethylene copolymer composition described before. 

[Ethylene copolymer composition] 

The sixth ethylene copolymer composition according to the invention comprises the ethylene/a-oiefin co- 
re polymer [A-4] and the crystalline polyolef In [B-2], and a weight ratio ([A-4];[B-2]) between the ethylene/a-olefin 
copolymer [A-4] and the crystalline polyolef in [B-2] is usually in the range of 99:1 to 60:40, preferably 98:2 to 
70:30, nr>ore preferably 98:2 to 80:20. 

The sixth ethylene copolymer composition according to the invention may contain various additives if de- 
sired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
IS antifogging agent, lubricant, pigment, dye, nucleating agent, plasttcizer. anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 

The sixth ethylene copolymer composition according to the invention can be prepared by known process- 
es, for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-4], the crystalline polyolefin 
20 [B-2], and if necessary, other optional components by the use of an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethylene/a-oiefin copolymer [A-4], the crystalline polyolefin [B-2], 
and if necessary, other optional components in an appropriate good solvent (e.g., hydrocarbon solvent 
such as hexane, heptane, decane, cydohexane, benzene, toluene and xylene), and then removing the 
solvent from the resulting solution. 

25 (3) A process comprising independently dissolving the ethylene/a-oiefin copolymer [A-4], the crystalline 
polyolefin (B-2], and if necessary, other optional components in an appropriate good solvent to prepare 
sotuttons, then mixing the solutions, and removing the solvent from the resulting mixture. 
(4) A process of combining the above processes (1) to (3). 

The sbcth ethylene copolymer composition according to the present invention is subjected to ordinary air- 
30 cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film mold- 
ing, water-coding inflation molding or the like, to obtain a film. The film thus obtained is well-balanced between 
the transparency and the rigidity, and has properties inherently belonging to general LLDPE, such as heat- 
sealing properties, hot-tack properties and heat resistance. Further, the film is free from surface stickiness 
because the ethylene/a-olefin copolymer [A-4] has a prominently narrow composition distribution. 
35 Films obtained by processing the sixth ethylene copolymer composition of the invention are suitable for, 
for example, standard bags, heavy bags, wrapping films, materials for laminates, sugar bags, packaging bags 
for oily goods, packaging bags for moist goods, vark)us packaging f ilnr^ such as those for foods, bags for liqukl 
transportation and agricultural nnaterials. The films may also be used as multi-layer films by laminating the films 
on various substrates such as a nylon substrate and a polyester substrate. Further, the films may be used for 
40 liquid transportation bags obtained by blow molding, bottles obtained by blow molding, tubes and pipes ob- 
tained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous goods, 
fibers, and large-sized molded articles obtained by rotational molding. Particularly, the films are most suitable 
for liquid transportation bags. 

45 [Seventh ethylene copolymer composition] 

The seventh ethylene copolymer compositton according to the present invention comprises an ethylene/a- 
olefin copolymer [A-4] and an olefin type elastomer [B-3]. 

50 [Ethylene/a-olefin copolymer [A-4]] 

The ethylene/a-oiefin copolymer [A-4] employable for the seventh ethylene copolymer composition is the 
same as the ethylene/a-olefin copolymer used for the fifth ethylene copolymer composition described before. 

55 [Olefin type elastomer [B-3]] 

The olefin type elastomer [B-3] employable for the seventh ethylene copolymer composition is the same 
as the olefin type elastomer used for the third ethylene copolymer compositton described before. 
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[Ethylene copolymer composition] 

The seventh ethylene copolymer composition according to the invention comprises the ethylene/a-olefin 
5 copolymer [A-4] and the olefin type elastomer [B-3], and a weight ratio ([A-41:[&-3]) between the ethylene/a- 
olefin copolymer [A-4] and the olefin type elastomer [B-3] Is usually in the range of 99:1 to 60:40, preferably 
95:5 to 70:30, more preferably 98:2 to 80:20. The ethylene/a-olefin copolymer [A-4] and the olefin type elas- 
tomer [B-3] are appropriately selected so that a density ratio ([B-3]/[A-4]) of the olefin type elastomer [B-3] to 
the ethylene/a-olefin copolymer [A-41 is less than 1. preferably in the range of 0,905 to 0.980. 
10 The seventh ethylene copolymer composition according to the invention may contain various additives if 
desired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, 
antifogging agent, lubricant, pigment, dye. nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 

The seventh ethylene copolymer composition according to the invention can be prepared by known proc- 
15 esses, for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-4]. the olefin type elastomer 
[B-3], and if necessary, other optional components by the use of an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethylene/a-olefin copolymer [A-4], the olefin type elastomer [B- 
3], and if necessary, other optional components in an appropriate good solvent (e.g., hydrocarbon solvent 

20 such as hexane, heptane, decane, cydohexane, benzene, toluene and xylene), and then removing the 
solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olefin copolymer [A-4], the olefin type 
elastomer [B-3], and if necessary, other optional components in an appropriate good solvent to prepare 
solutions, then mixing the solutions, and removing the solvent from the resulting mixture. 

25 (4) A process of combining the above processes (1) to (3). 

The seventh ethylene copolymer composition according to the present invention is subjected to ordinary 
air-cooling inflation molding, two-stage air-cooling inflatbn molding, high-speed inflation molding, T-die film 
molding, water-cooling inflatton molding or the like, to obtain a film. The film thus obtained is well-balanced 
between the transparency and the rigidity, and has properties inherently belonging to general LLDPE, such 

30 as heat-sealing properties, hot-tack properties and heat resistance. Further, the film is free fi'om surface sticki- 
ness because the ethyiene/a-olef in copolymer [A-4] has a prominently narrow composition distribution. 

Films obtained by processing the seventh ethylene copolymer composition of the Invention are suitable 
for, for example, standard bags, heavy bags, wrapping films, materials for laminates, sugar bags, packaging 
bags for oily goods, packaging bags for nnoist goods, various packaging films such as those for foods, bags 

3S for liquid transportation and agricultural materials. The films may also be used as multi-layer films by laminating 
the films on various substrates such as a nylon substrate and a polyester substrate. Further, the films may 
be used for liquid transportation bags obtained by blow molding, bottles obtained by blow molding, tubes and 
pipes obtained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous 
goods, fibers, and large-sized molded articles obtained by rotational nriolding. Particularly, the U\ms are nfwst 

40 suitable as wrapping films. 

[Eighth ethylene copolymer compositton] 

The eighth ethylene copolymer composition according to the present invention comprises an ethylene/a- 
45 olefin copolymer composition [lb] which comprises an ethylene/a-otefin copolymer [A-5] and an ethylene/a- 
olefin copolymer [A-6]. and a high-pressure radical polymerization low-density polyethylene [lib]. 

[Ethylene/a-olefin copolymer [A-5]] 

50 The ethylene/a-olefin copolymer [A-5] for forming the eighth ethylene copolymer composition of the in- 
vention is a random copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms. Examples of the a-olefin 
of 3 to 20 carbon atoms employable forcopolymerization with ethylene include propylene, 1-butene, 1-pentene, 
1-hexene, 4-methy1- 1-pentene, 1-octene, 1-decene. 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octade- 

cene and 1-eicosene. 

55 In the ethylene/a-olefin copolymer [A-5]. it is desired that constituent units derived from ethylene are pres- 
ent in an amount of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from a-olefin of 3 to 20 carbon atoms are present in an amount of 1 to 45 % by 
weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight 
The ethylene/a-olefin copolymer [A-5] has the following properties (i) to (v). 
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(i) The density (d) is usually in the range of 0.880 to 0.940 gycm', preferably 0.890 to 0.935 g/cm^ more 
preferably 0.900 to 0.930 g/cm^. 

(ii) The intrinsic viscosity [r|A^ 5] as n^easured in decalin at 1 35 ''C is in the range of 1 .0 to 1 0.0 dl/g, preferably 
5 1 .25 to 8 dl/g, more preferably 1 .27 to 6 dl/g. 

(iii) The temperature (Tm (^C)] at which the endothermic curve of the copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 

Tm < 400 X d - 250, 
preferably Tm < 450 x d - 297, 
10 more preferably Tm < 500 x d - 344, 

particularly preferably Tm < 550 x d - 391. 

(iv) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation: 

MT^2.2xMFR-o»*. 

(v) The fraction of a n-decane-soluble component (W % by weight) at room temperature and the density 
IS (d) satisfy the relation: 

W <80 X exp(-100(d-0.88)) + 0.1, 
preferably W < 60 x exp(-100(d-0.88)) + 0.1, 
more preferably W < 40 x exp(-100(d-0.88)) + 0.1. 
It may be concluded from the relation between the temperature (Tm) at which the endothermic curve 
20 measured by a differential scanning calorimeter (DSC) shows the maximum peak and the density (d), and the 
relation between the fraction (W) of a n-decane-soluble component and the density (d), that the ethylene/a- 
olef in copolymer [A-5] has a narrow composition distribution. 

Further, the number of unsaturated bond present in the molecule of the ethytene/a-def in copolymer [A- 
5] desirably is not more than 0.5 per 1,000 carbon atonr^ and less than 1 per one molecule of the copolymer. 
25 The ethyiene/a-olef in copolymer [A-5] having the properties as mentioned above can be prepared by co- 

polymerizing ethylene with an a>olefin of 3 to 20 carbon atoms in the presence of the aforementioned olefin 
polymerization catalyst (3) or prepolymerized catalyst (3) under the same conditions as those for preparing 
the ethylene/a-otef in copolymer [A-5] in such a manner that the resulting copolymer would have a density of 
0.880 to 0.940 g/cnr)3. 

30 When a slurry polymerization process is used for preparing the ethylene/a-oleftn copolymer [A-5], the 
polymerization temperature is usually in the range of -50 to 90 ""C, preferably 0 to 80 °C. and when a gas phase 
polymerizatton process Is used therefor, the polymerization temperature is usually in the range of 0 to 90 ^C, 
preferably 20 to 80 ^C. 

35 [Ethylene/a-olef in copolymer [A-6]] 

The ethylene/a-olefin copolymer [A-6] for forming the eighth ethylene copolymer composition of the in- 
vention Is a random copolymer of ethylene with an a-oief in of 3 to 20 carbon atoms. Examples of the a-olef in 
of 3 to 20 carbon atoms employable for copolymerization wit h ethylene Include propylene, 1 -butene, 1 -pentene, 
40 1-pentene. 4-methyl-1 -pentene, 1-octene, 1-decene, 1-dodecene, l-tetradecene, 1-hexadecene, 1-octade- 
cene and l-eicosene. 

In the ethylene/a-def in copolymer [A-6], it Is desired that constituent units derived from ethylene are pres- 
ent in an amount of 55 to 99 % by weight, preferably 65 to 98 % by weight, more preferably 70 to 96 % by weight, 
and constituent units derived from a-olef in of 3 to 20 carbon atoms are present in an amount of 1 to 45 % by 
45 weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight 

The ethylene/a-olefin copolymer [A-6] has the following properties (i) to (v). 

(i) The density (d) Is usually in the range of 0.910 to 0.960 g/cm^, preferably 0.915 to 0.955 g/cm^ more 
preferably 0.920 to 0.950 g/cm^. 

(ii) The intrinsic viscosity [r\^ «] as measured in decalin at 1 35 ""C is in the range of 0.5 to 2.0 dl/g. preferably 
50 0.55 to 1 .9 dl/g. more preferably 0.6 to 1 .8 dl/g. 

(iii) The temperature. (Tm (°C)) at which the endothermic curve of the copolymer measured by a differential 
scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 

Tm<400xd-250, 
preferably Tm < 450 x d - 297, 
55 more preferably Tm < 500 x d - 344. 

particularly preferably Tm < 550 x d - 391. 

(iv) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation: 

MT^2,2xMFR-o-W. 

(v) The quantity fraction (W (% by weight)) of a n-decane-soluble component at room temperature and the 
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density (d) satisfy the relation: 

in the case of MFR ^ 10 g/10 min. 
W < 80 X exp(-100(d-0.88)) + 0.1. 
5 preferably W < 60 x exp(-1 00(d-0.88)) + 0. 1 . 

more preferably W < 40 x exp(-100(d-0.88)) + 0,1, 
in the case of MFR > 10 g/10 min, 
W < 80 X (MFR-9P» X exp(-100(d-0.88)) + 0.1. 
It may be concluded from the relation between the temperature (Tm) at which the endothemilc curve 
10 measured by a differential scanning calorimeter (DSC) shows the maximum peak and the density (d), and the 
relation between the fraction (W) of a n-decane-soluble component and the density (d), that the ethylene/a- 
olefin copolymer [A-6] has a narrow composition distribution. 

Further, the number of unsaturated bond present in the molecule of the ethylene/a-olefin copolymer [A- 
6] desirably Is not more than 0.5 per 1,000 carbon atoms and less than 1 per one molecule of the copolymer. 
IS The ethylene/a-olef In copolymer [A-6] having the properties as mentioned above can be prepared by co- 
polymerizing ethylene with an a-olef in of 3 to 20 carbon atoms in the presence of an olefin polymerization cat- 
alyst (4) or a prepolymerized catalyst (4) formed from (a-4) a transition metal compound catalyst component, 
(b) an organoaluminum oxy-compound catalyst component, (c) a carrier, and if necessary, (d) an organoalu- 
minum compound catalyst component, all components being described later, in such a manner that the result- 
20 ing copolymer would have a density of 0.910 to 0.960 g/cm^. 

First, the transition meta) compound catalyst component (a-4) is explained below. 
The transition metal compound catalyst component (a-4) (sometimes referred to as "component (a-4)" 
hereinafter) Is a compound of a transition metal in Group IV of the periodic table which contains a ligand having 
a cydopentadienyl skeleton. There is no specific limitation on the component (a-4), as far as it is a compound 
25 of a transition metal in Group IV of the periodic table which contains a ligand having a cydopentadienyl skeleton. 
However, the component (a-4) preferably is a transition metal compound represented by the following formula 
[VII]. 

MLx [VII] 

wherein M is a transition metal atom selected firom Group IVB of the periodic table, L is a ligand coordinating 
JO to the transition metal, at least one of L is a ligand having a cydopentadienyl skeleton, L other than the ligand 
having a cyclopentadienyi skeleton is a hydrocarbon group of 1 to 1 2 carbon atoms, an alkoxy group, an aryloxy 
group, a trialkylsilyl group, a SO3R group (R is a hydrocarbon group of 1 to 8 carbon atoms which may have a 
substituent group such as halogen), a halogen atom or a hydrogen atom, and X Is a valance of the transition 
metal. 

35 The transition metal compound represented by the above formula [VII] includes the transition metal conv 
pound represented by the formula [VI] which is cited before as the transition metal catalyst component (a-3). 

In the above-mentioned formula [Vil], M is a transition metal selected from Group IVB of the periodic table, 
and concrete preferable examples of M Indude zirconium, titanium and hafnium. Of these, particularly prefer- 
red is zirconium. 

40 The ligands having a cydopentadienyl skeleton indude. for example, cydopentadienyl; an alky1>substituted 
cydopentadienyl group such as methylcydopentadienyl, dimethylcydopentadienyl. trimethyl cydopentadienyl, 
tetramethylcydopentadienyl, pentamethylcydopentadienyl, ethylcydopentadienyl, methylethylcydopentadie- 
nyl, propyicydopentadienyl, methylpropylcydopentadienyl. butylcydopentadtenyl, methylbutylcydopentadie- 
nyl and hexylcydopentadienyl; indenyl, 4,5.6,7-tetrahydroindenyl and fluorenyl. These groups may be substi- 

45 tuted with halogen atom or trialkylsilyl group, and the tike. 

Of these ligands coordinated to the transition metal, particularly preferred is the alkyl-substituted cydo- 
pentadienyl group. 

When the compound represented by the above formula [VII] contains two or more of the groups having 
a cydopentadienyl skeleton, two of them each having a cydopentadienyl skeleton can be bonded together 
50 through an alkylene group (e.g., ethylene and propylene), a substituted aikylene group such as isopropylidene 
and diphenylmethylene, a sllylene group, or a substituted silylene group such as dimethylsiiylene, dlphenylsi- 
lylene and methylphenylsilylene. 

Concrete examples of the ligand L other than those having a cydopentadienyl skeleton are as follows: 
The hydrocarbon group having 1 to 12 carbon atoms indudes, for example, an alkyi group, a cydoalkyi 
55 group, an aryl group and an aralkyi group, and concrete examples of these groups are as follows; 
an aikyi group such as methyl, ethyl, propyl, Isopropyl and butyl; 
a cydoalkyi group such as cyclopentyl and cydohexyl; 
an aryl group such as phenyl and tolyl; 
an araikyi group such as benzyl and neophyl; 
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an alkoxy group such as methoxy, ethoxy and butoxy; 
an aryloxy group such as phenoxy; and 
halogen such as fluorine, chlorine, bron^ine and iodine. 
The llgand represented by SOsR includes, for example, p-toluenesulfonate, methanesulfonate and trrfluor- 
omethanesulfonate. 

Such a metallocene compound containing Uganda each having a cyclopentadlenyl skeleton (e.g. having a 
transition metal with a valence of 4) may be represented more concretely by the formula [Vll'] 

R2kR3|R*mRSnM [Vll'] 
wherein M is a transition metal as mentioned above, R^ is a group having a cydopentadienyi skeleton (ligand), 
R^ R^ and R^ are each a group having a cydopentadienyi skeleton, an alkyi group, a cydoalkyi group, an aryl 
group, an aralkyi group, an alkoxy group, an aryloxy group, trialkylsilyl group, SO3R group, halogen or hydro- 
gen, k is an Integer of not less than 1 , and k-i-Km-t-nsA. 

As the component (a-4), preferred is the metallocene compound represented by the above formula [Vll*] 
in which at least two of R^, R3, R^ and R^, that is, R2 and R^ are each a group having a cydopentadienyi skeleton 
(ligand). Said groups having a cydopentadienyi skeleton may be bonded together through a group such as an 
alkylene group (e.g., ethylene and propylene), a substituted alkylene group such as isopropylidene and diphe- 
nytmethylene, a silylene group, and a substituted silylene group such as dimethylsilylene, diphenylsilylene and 
methylphenylsilylene. Further, R* and R* are each a gnaup having a cydopentadienyi skeleton, an alkyI group, 
a cydoalkyi group, an aryl group, an aralkyi group, an alkoxy group, an aryloxy group, trialkylsilyl group, SOsR 
group, halogen or hydrogen. 

Listed below are concrete examples of the transition metal compound having zirconium as M. 
Bls(indenyl)zirconlum dlchloride, 

Bis(indenyt)zirconium dibromide, 

Bis(indenyi)zirconium bis(p-toluenesulfonate), 

Bis(4,5,6,7-tetrahydroindenyl)zlrconium dlchloride, 

Bis(fluorenyi)zirconium dichloride, 

Ethylenebis(indenyl)zirconium dichloride. 

Ethylenebis(lndenyl)zirconlum dibromide, 

Ethylenebls(indenyl)dimethylzircontum, 

Ethylenebis(indenyl)diphenylzirconium. 

Ethylenebis(indenyl)methylzirconlum monochloride. 

Ethylenebis(indenyl)zirconium bis (methanesulfonate), 

Ethylenebis(indenyl)zirconium bls(p-toiuenesulfonate), 

Ethylenebis(indenyl)zirconium bis(trifluorom6 thane sulfonate), 

Ethylenebis(4,5,6.7-tetrahydrolndenyl)zirconlum dlchloride, 

lsopropylidene(cyclopentadienylfluorenyl)zirconium dichloride, 

lsopropylldene(cyclopentadienyt*methyl cydopentadienyi) zirconium dichloride, 

Dimethylsilytenebis(cydopentadlenyl)zirconlum dlchloride, 

Dimethylsilylenebis(methylcydopentadienyl)zirconium dichloride, 

Dimethylsilylenebls(dimethylcydopentadienyl) zirconium dichloride, 

Dimethylsilylenebls(trimethytcydopentadienyl) zirconium dlchloride, 

Dimethylsilylenebls(indenyl)zirconium dichloride, 

Dimethylsilylenebis(indenyl)zirconium bis(trifiuoromethanesulfonat0), 

Dlmethylsilylenebls(4,5,6,7-tetrahydroindenyl) zirconium dichloride, 

Dimethylsilylenebis(cydopentadienyi-fluorenyl) zirconium dichloride, 

Diphenylsilylenebis(indenyl)zirconium dlchloride, 

Methylphenylsilyl6nebis(indenyl)zirconlum dichloride, 

Bis(cyclopentadienyl)zirconium dichloride, 

Bis(cyclopentadienyl)zirconium dibromide, 

Bis(cyclopentadienyl)methylzirconium monochloride, 

Bis(cyclopentadienyl)ethylzirconium monochloride, 

Bis(cyclopentadienyl)cydohexylzirconlum monochloride. 

Bis(cyclopentadienyl)phenyizirconium monochloride, 

Bis(cyclopentadienyt)benzylzirconium monochloride, 

Bis(cyclopentadienyl)zirconium monochloride monohydride, 

Bis(cyclopentadienyl)methylzirconium monohydride, 

Bls(cyclopentadienyl)dimethyl zirconium, 

Bis(cyclopentadienyl)diphenylzirconium, 
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Bis(cyclopentadienyl)dibenzylzirconium. 

Bls(cyclopentadienyl)zirconium methoxychloride, 

Bis(cyciopentadienyl)zirconium ethoxy chloride, 

Bis(cyciopentadienyl)zlrconium bis(nnethanesulfonate). 

Bis(cyciopentadienyl)zirconium bis(p-toluene-sulfonate), 

Bis(cyclopentadienyl)zirconium bis(trifluoromethane-sulfonate). 

Bis(methylcyclopentadieny1)zirconlum dichlorlde, 

Bis(dimethy1cyclopentadienyt)zirconium dichlorlde, 

Bis(dimethylcyclo pentad ienyl)zirconium ethoxy chloride, 

Bis(dlmethylcyclopentadienyl)zirconium bis(trifluoroniethanesulfonate), 

Bis(ethyicydopentadlenyl)zirconium dichlorlde, 

Bis(fnethyfethyicyclop8ntadienyl)zirconium dichlorlde, 

Bis(propylcyclopentadienyl)zlrconlum dichlorlde, 

Bis(methylpropylcydopentadienyl)zirconium dichlorlde. 

Bis(butylcyclopentadienyl)zirconium dichlorlde, 

Bis(methylbutylcyclopentadlenyl)zirconiunn dichlorlde, 

Bis(methyl butyl cycio pentad lenyl)zirconiuni bis(methanesutfonate), 

Bis(tnmethylcydopentadlenyl)zirconium dichlorlde, 

Bis(tetraniethyicydopentadienyl)zirconiumdichloride, 

Bl8(pentamethylcydopentadlenyl)zirconium dichlorlde, 

Bls(hexy1cydopentadienyl)zlrconium dichloride. and 

Bis(triniethyisilylcyclopentadlenyl)zirconium dichlorlde. 
In the at>ove exemplified compounds, di-substituted cydopentadienyl indudes 1,2- and 1,3-substituted, 
and tn-substituted includes 1.2,3- and 1,2,4-substituted. Further, the aikyi group such as propyl or butyl in- 
dudes n-, 1-, sec- and tert- Isomers. 

There may also be used transition metal compounds obtained by substituting titanium or hafnium for zir- 
conium in the above-exemplified zirconium compounds. 

The above listed compounds and the transition metal compounds represented by the above formula [VI] 
are used as transition metal catalyst component (a-4). Preferred are the above mentioned transition metal com- 
pounds represented by the formula [VI]. Of these, particularly preferred Is 

Bis(n-propylcyclopentadienyl)zirconlum dichloride, 

Bis(n-buty1cyclopentadienyl)zirconium dichloride, 

Bis(1-methyl-3-n-propylcydopentadienyl)zirconlum dichloride, or 

Bis(1-methyl-3-n-butytcydopentadienyl)zirconium dichloride. 
Further, the transition metal catalyst component (a-3) used in the preparation of the ethylene/a-olefin co- 
polymer [A-5] and the transition metal catalyst component (a-4) used in the preparation of the ethylene/a-olef In 
copolymer [A-6] are preferably the same compounds. 

The organoalumlnum oxy-compound catalyst component (b) [component (b)] which forms the olefin poly- 
merization catalyst (4) is the same as the organotuminum oxy-compound which forms the above mentioned 
olefin polymerization catalyst (1). 

The carrier (c) [component (c)] which forms the olefin polymerization catalyst (4) Is the same as the carrier 
which forms the above mentioned olefin polymerization catalyst (1). 

The optionally used organoalumlnum compound catalyst component (d) [component (d)] is the same as 
the organoalumlnum compound which fornns the above mentioned olefin polymerization catalyst (1). 

The ethylene/a-olef In copolymer [A-6] used in the present invention can be prepared by the olefin poly- 
merization catalyst (4) formed by contacting the above-mentioned components (a-4), (b), (c) and if necessary, 
component (d). Though the mixing of these components (a-4), (b), (c) and (d) may be conducted In arbitrarily 
selected order, the mixing and contacting is preferably conducted in the order of: 

mixing and contacting the components (b) and (c), followed by mixing and contacting the component 
(a-4), and if necessary, mixing and contacting the component (d). 

The mixing of the above-mentioned components (a-4), (b), (c) and (d) can be carried out in an inert hy- 
drocarbon. 

As the Inert hydrocarbon solvent, there may be mentioned an aliphatic hydrocarbon, such as propane, bu- 
tane, pentane, hexane, heptane, octane, decane, dodecane and kerosene; 

an alicydic hydrocarbon, such as cydopentane, cydohexane and methylcyclopentane; 
an aromatic hydrocarison, such as benzene, toluene and xylene; 

a halogenated hydrocarbon, such as ethylene chloride, chlorobenzeneand dichloromethane; and a mix- 
ture thereof. 
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In the contacting and mixing of the components (a-4), (b), (c) and if necessary (d), the component (a-4) 
is used usually in an amount of 5 x 1(H to 5 x 10-* mol, preferably 1 x 10-s to 2 x 10-* mol based on 1 g of the 
component (c), and the concentration thereof is 1 x 10-* to 2 x IO-2 mol/1, preferably 2x10-*to1 xlO-2 mol/l. 
5 The atomic ratio (Al/transltion metal) of the aluminum in the component (b) to the transition metal in the com- 
ponent (a-4) is usually 10 to 500. preferably 20 to 200. The atomic ratio (AI-d/AI-b) of the aluminum atoms (Al- 
d) in the component (d) optionally used to the aluminum atoms (Al-b) in the component (b) is usually 0.02 to 
3. preferably 0.05 to 1.5. 

The components (a-4), (b) and (c), and if necessary, the component (d) are mixed and contacted at a tenrt- 
10 perature of usually >50 to 1 50 ^'C, preferably -20 to 1 20 ""C, with a contact time of 1 minute to 50 hours, preferably 
10 minutes to 25 hours. 

In the catalyst (4) for olefin polymerization obtained as described above, it is desirable that the transition 
metal derived from component (a-4) is supported in an amount of5x1(h«to5x10-*g atom, preferably 1 x 
10-B to 2 X 10^ g atom, and aluminum derived from components (b) and (d) is supported In an amount of 
IS 10^to5x1&-2g atom, preferably 2 x 10-^ to 2 x 10-^ g atom, all the amounts being based on 1 g of the conv 
ponent (c). 

Further, the catalyst for preparing the ethylene/a-olef In copolymer (A-6] used in the present invention may 
be a prepotymerized catalyst (4) obtained by pre polymerization of olefin in the presence of the above- 
mentioned components (a-4), (b) and (c), and if necessary, (d). 

20 The prepolymerized catalyst (4) can be prepared by mixing the component (a-4), the component (b), the 
component (c). and if necessary, the component (d), introducing olefin to the resulting mixture in the inert hy- 
drocarbon solvent, and carrying out prepolymerization. 

The olefins which can be prepotymerized include ethylene and a-olef Ins each having 3 to 20 carbon atoms, 
for example, propylene, 1-butene. 1-pentene,4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene 

25 and 1-tetradecene. Of these, particularly preferred is ethylene or the combination of ethylene and a-olef in 
used in the polymerization. 

During the prepolymerization. the component (a-4) is used usually in a concentration of is 1 x 10*^ to 2 x 
10-2 nriol/l, preferably 5 x 10-^ to 1 x IO-2 mol/l and amount thereof is usually 5 x 10^ to 5 x 10-* mol, preferably 
1x10-* to 2x10-* mol based on 1 g of the component (c). The atomic ratio (Al/transition metal) of the aluminum 

30 in the component (b) to the transition metal in the component (a-4) is usually 10 to 500, preferably 20 to 200. 
The atomic ratio (AI-d/Al-b) of the aluminum atoms (Al-d) in the component (d) optionally used to the aluminum 
atoms (Al-b) in the component (b) is usually 0.02 to 3, preferably 0.05 to 1 .5. The prepolymerization Is carried 
out at a temperature of -20 to 80 *'C. preferably 0 to 60 **C, with a time of 0.5 to 100 hours, preferably 1 to 50 
hours. 

35 The prepolymerized catalyst (4) can be prepared as described below. First, the carrier (component (c)) Is 
suspended in the inert hydrocarbon. To the suspension, the organoaluminum oxy-compound catalyst compo- 
nent (component (b)) is introduced, and reacted for predetermined period. Successively, supernatant is re- 
moved, and the resulting solid component is re-suspended in the inert hydrocarbon. Into the system, the tran- 
sition metal compound catalyst component (component (a-4)) is added and reacted for predetermined period. 

40 Then, supernatant is removed to obtain a solid catalyst component. Continuously, the solid catalyst component 
obtained above is added into inert hydrocarbon containing the organoaluminum compound catalyst component 
(component (d)), and olefin is inb-oduced therein to obtain the prepolymerized catalyst (4). 

An amount of prepolymerized polyolefin produced in the prepolymerization is, desirably based on 1 g of 
the carrier (c). of 0.1 to 500g. preferably 0.2 to 300g, more preferably 0.5 to 200 g. In the prepolymerized cat- 

45 alyst (4), component (a-4) is desirably supported in an amount in terms of transition metal atom, based on 1 
g of t he carrier (c), of about 5x10^to5x10-*g atom, preferably 1 x 1 0-« to 2 x 1 0-* g atom. Further, a molecular 
ratio (Al/M) of aluminum atom (Al) derived from components (b) and (d) to transition metal atom (M) derived 
from component (a-4) Is usually 5 to 200. preferably 10 to 150. 

The prepolymerization may be carried out either batchwise or continuously, and under reduced pressure, 

50 normal pressure or applied pressure. During the prepolymerization, hydrogen may be allowed to be present 
to obtain a prepolymer desirably having an intrinsic viscosity [r\] of 0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as meas- 
ured in decalin at least 135''C. 

The ethylene/a-olef in copolymers [A-6] used in the present invention are obtained by copoiymerizing ethy- 
lene with an a-olefin having 3 to 20 carbon atoms such as propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl- 

55 1-pentene, 1-octene. 1-decene, 1-dodecene. l-teb-adecene, 1-hexadecene, 1-octadecene and 1-eicosene In 
the presence of the olefin polymerization catalyst (4) or the prepolymerized catalyst (4). 

Copolymerization of ethylene and a-olefin is carried out in a gas phase or liquid phase, for example, in 
slurry. In the slurry polymerization, an inactive hydrocarbon or the olefin itself may be used as a solvent. 
Concrete examples of the inactive hydrocarbon solvent include aliphatic hydrocarbons such as butane, 
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isobutane, pentane. hexane. octane, decane, dodecane. hexadecane and octadecane; alicyclic hydrocarbons 
such as cyclopentane. methytcyclopentane, cyciohexane and cyclooctane; aromatic hydrocarbons such as 
benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and gas oil. Of these Inactive 

5 hydrocarbons, preferred are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions. 

When the copotymerization is carried out by the slurry method or the gas phase method, the olefin poly- 
merization catalyst (4) or the prepolymerized catalyst (4) is used at such amount that the concentration of the 
transition metal compound becomes usually 1(H to 1 0-^ g atom/liter, preferably 10-^ to 1(Hg atom/liter In ternfis 
of the transition metal in the polymerization reaction system. 

10 Furthermore, In the polymerization, an organoaluminum oxy-compound similar to the catalyst component 
(b) and/or an organoaluminum compound (d) may be added. In this case, the atomic ratio (Al/M) of the alumh 
num atom (Al) derived from the organoaluminum oxy-compound and the organoaluminum compound to the 
transition metal atom (M) derived from the transition metal catalyst component (a-4) is 5 to 300, preferably 10 
to 200. more preferably 1 5 to 1 50. 

15 When the ethylene/a-olefin copolymer [A-B] is prepared by the slurry polymerization, the polymerization 
temperature is usually -30 to lOO^'C, preferably 20 to SO^'C. When the ethylene/a-olefin copolymer [A-6] is pre- 
pared by the gas phase polymerization, the polymerization temperature is usually 20 to 120*'C, preferably 40 
tolOO^'C. 

The poiymerization is carried out usually at a normal pressure to 100 kg/cm^ preferably under a pressure 
20 condition of 2 to 50 kg/cm^. The polymerization can be carried out either batchwise, semtoontinuously or con- 
tinuously. 

(Ethylene/a-olefin copolymer composition [lb]] 

25 The ethylene/a-olefin copolymer composition [lb] comprises the ethylene/a-olefin copolymer [A- 5] and the 
ethyiene/a-olefin copolymer [A-6]. In this composition [lb], the ethylene/a-olefin copolymer [A-5] is contained 
in an amount of 5 to 95 % by weight, preferably 10 to 95 % by weight, and the ethylene/a-otefin copolynner [A- 
6] is contained in an amount of 5 to 95 % by weight, preferably 10 to 90 % by weight. 

The ethylene/a-olefin copolymer [A-5) and the ethylene/a-olefin copolymer (A-6] are appropriately conv 

30 bined so that a density ratio ([A-5]/[A-6]) of the ethytene/a-olef in copolymer [A-5] to the ethylene/a-olefin co- 
polymer [A-6] is less than 1, preferably in the range of 0.930 to 0.999. Further, they also are appropriately conv 
bined so that a ratio ((nA-syhA-el) of the intrinsic viscosity [t^a-s] of the ethylene/a-olefin copolymer (A-5] to 
the intrinsic viscosity [tia-s] of the ethylene/a-olefin copolymer [A-6] is not less than 1, preferably in the range 
of 1.05 to 10, more preferably 1.1 to 5. 

35 The ethylene/a-olefin copolymer composition has a density of usually 0.890 to 0.955 g/cm^, preferably 
0.900 to 0.950 g/cm3, and has a melt flow rate (MFR), as determined in accordance with ASTM D1238-65T 
under the conditions of a temperature of 190 ""C and a load of 2.16 kg, of 0.1 to 100 g/10 min, preferably 0.2 
toSOg/IOmin. 

The ethylene/a-olefin copolymer composition [lb] can be prepared by known processes, for example, proc- 
40 esses described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A-5]. the ethylene/a-olefin copo- 
lymer [A-6], and if necessary, other optional components by the use of an extruder, a kneader or the like. 

(2) A process comprising dissolving the ethylene/a-olefin copolymer [A-5], the ethylene/a-otefin copoly- 
mer [A-6], and If necessary, other opttonal components In an appropriate good solvent (e.g., hydrocarbon 

45 solvent such as hexane. heptane, decane, cydohexane, benzene, toluene and xylene), and then removing 
the solvent from the resulting solution. 

(3) A process comprising independentiy dissolving the ethylene/a-olefin copolymer [A-5], the ethylene/(a- 
olefin copolymer [A-6], and if necessary, other optional components in an appropriate good solvent to pre- 
pare solutions, then mixing the solutions, and removing the solvent from the resulting mixture. 

50 (4) A process in any combination of the above processes (1) to (3). 

Further, the ethylene/a-olefin copolymer composition [lb] may be prepared by forming the ethylene/a-ole- 
fin copolymer [A-5] and the ethylene/a-olefin copolymer [A-6] in two or more copolymerization stages having 
reaction conditions different from each other, or may be prepared by separately forming the ethylene/a-olefin 
copolymer (A-5] and the ethylene/a-olefin copolymer [A-6] by the use of plural polymertzere. 

55 

[High-pressure radical polymerization low-density polyethylene [lib]] 

The high-pressure radical polymerization low-density polyethylene [lib] employable for the eighth ethylene 
copolymer composition is the same as the high-pressure radical polymerization low-density polyethylene [B- 
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4] used for the fifth ethylene copolymer composition described before. 
[Ethylene copolymer composition] 

5 

The eighth ethylene copolymer composition according to the invention comprises the ethylene/a-olefin 
copolymer composition [lb] and the high-pressure radical polymerization low-density polyethylene [lib]. It is 
desirable that a weight ratio ([lb]:[llb]) between the ethylene/a-olefin copolymer composition [lb] and the high- 
pressure radical polymerization tow-density polyethyiene [lib] is usually in the range of 99:1 to 60:40, preferably 

10 98:2 to 70:30, more preferably 98:2 to 80:20. 

When the amount of the high-pressure radical polymerization low-density polyethyiene is less than the 
lower limit of the above range, the resulting composition may be improved insufficiently in the transparency 
and the melt tension. On the other hand, when the amount thereof Is larger than the upper limit of the above 
range, the resulting composition may considerably be deteriorated in the tensile strength and the stress crack 

IS resistance. 

The eighth ethylene copolymer composition according to the invention may contain various additives if de- 
sired, for example, weathering stabilizer, heat stabilizer, antistatic agent, anti-siip agent, anti-blocking agent, 
anti-fogging agent, lubricant, pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid ab- 
sorbent and antioxidant, provided that the object of the invention is not marred. 
20 The eighth ethylene copolymer composition according to the invention can be prepared by known proc- 
esses, for example, processes described below. 

(1) Aprocess of mechanically blending the ethylene/a-oIefin copolymer composition [lb], the high-pressure 
radk:ai polymerization low-density polyethyiene [lib], and if necessary, other optional components by the 
use of an extruder, a kneader or the like. 
25 (2) A process comprising dissolving the ethylene/a-olefin copolymer composition [lb], the high-pressure 
radical polymerization low-density polyethylene [lib], and if necessary, other optional components in an 
appropriate good solvent (e.g., hydrocarbon solvent such as hexane, heptane, decane, cyclohexane, ben- 
zene, toluene and xylene), and then removing the solvent from the resulting solution. 

(3) A process comprising Independently dissolving the ethylene/a-olefin copolymer composition pb], the 
30 high-pressure radical polymerization low-density polyethylene [lib], and if necessary, other opttonal com- 
ponents in an appropriate good solvent to prepare soluttons, then mbcing the solutions, and removing the 
solvent from the resulting mixture. 

(4) A process in any combination of the above processes (1) to (3). 

The eighth ethylene copolymer composition according to the present invention may be processed by con- 

35 ventional molding method, for example, air-cooling inflation molding, two-stage air-cooling inflation molding, 
high-speed inflation molding, T-die film molding, water-coding Inflation molding or the like, to obtain a film. 
The film thus obtained has excellent mechanical strength, and retains properties inherent in general LLOPE, 
such as heat-sealing properties, hot-tack properties, heat resistance and blocking resistance. Further, the film 
is free from surface stickiness because each of the ethylene/a-olefin copolymer [A-5] and the ethylene/a-olef in 

40 copolymer [A-6] has a prominently narrow composition distribution. Moreover, because of low stress within the 
high-shear region, the ethylene copolymer composition can be extruded at a highspeed, and thus consumption 
of electric power is small, resulting in economical advantage. 

Films obtained from the eighth ethylene copolymer composition of the invention are suitable for, for ex- 
ample, standard bags, heavy duty bags, wrapping films, materials for laminates, sugar bags, packaging bags 

4S for oily goods, packaging bags for moist goods, various packaging films such as those for foods, bags for liquid 
transportation and agricultural materials. The films may also be used as multi-layerf ilms by laminating the films 
on various substrates such as a nylon substrate and a polyester substrate. Further, the films may be used for 
liquid transportation bags obtained by blow molding, bottles obtained by blow molding, tubes and pipes ob- 
tained by extrusion molding, pull-off caps, injection molded products such as daily use miscellaneous goods, 

50 fibers and large-sized molded articles obtained by rotational molding. 

EFFECT OF THE INVENTION 

The ethylene copolymer composition of the present invention is excellent In heat stability and melttenston, 
55 and from this ethylene copolymer composition, a film showing high transparency, high mechanical strength 
and high blocking resistance can be obtained. 
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[Example] 

The present invention is further described below with reference to examples, but it should be construed 
5 that the present invention is in no way limited to those examples. 

In this specification, physical properties of films were evaluated In the following manner. 

Haze 

10 The haze was measured in accordance with ASTM-D-1 003-61 . 
Gloss 

The gloss was measured In accordance with JIS Z8741. 

f5 

Film impact 

The film impact was measured by a pendulum type film impact tester produced by Toyo Seiki Seisakusho 

K.K. 

20 

Blocking force 

Inflation films each having a size of 10 cm (width) x 20 cm were sandwiched between two sheets of typing 
paper, then further sandwiched between glass plates, and a load of 10 kg was applied to them in an air bath 
25 of 50 ''C for 24 hours. Then, the films were fitted to an open tool to separate the f iinns at a rate of 200 mm/min. 
A load at the time when the films are separated is A (g), the blocking force F (g/cm) is determined by the fol- 
lowing formula. 

F = A / width of sample 

As the F value becomes smaller, blocking of the films come to hardly take place, that is, the film has a 
30 higher blocking resistance. 

Tensile test 

A specimen was punched using a dumbbell (JIS No. 1) from the film in the machine direction (MD) or the 
35 transverse direction (TD) of the film molding direction, and a modulus in tension (YM) and an elongation at 
break (EL) of the specimen were measured under the conditions of a distance between chucks of 86 nrun and 
a crosshead speed of 200 mm/min. 

Preparation Example 1 

40 

Preparation of an ethylene/a-olef in copolymer 
[Preparation of a solid catalyst] 

45 7.9 kg of silica having been dried at 250 °C for 10 hours was suspended in 121 liters of toluene, and the 
resultant suspension was cooled to 0 ^'C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
uene solution of methylaluminoxane (Al = 1.47 mol/)) over 1 hour. During the addition, the temperature of the 
system was kept at 0 ""C. Successively, the reaction was carried out at 0 "C for 30 minutes. Then, the temper- 
ature of the system was elevated to 95 °C over 1.5 hours, and the reaction was carried out at the same tenrv 

50 perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 °C, and the supernatant 
liquid was removed by decantation. 

The solid component obtained above was washed twice with toluene, and then again suspended in 125 
liters of toluene. To the reaction system was dropwise added 20 liters of a toluene solutton of bis(1 ,3-dimethyl- 
cyclopentadienyl)zirconium dichloride (Zr = 28.4 mmol/l) at 30 over 30 minutes, and the reaction was further 

55 carried out at 30 ""C for 2 hours. Then, the supernatant liquid was removed, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 4.6 mg of zirconium based on 1 g of the solid catalyst. 
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[Preparation of a prepolymerized catalyst] 

To 160 liters of hexane containing 16 mol of triisobutylaluminum was added 4.3 kg of the solid catalyst 
5 obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 °C 
for 3.5 hours to obtain a prepolymerized catalyst in which polyethylene was present in an amount of 3 g based 
on 1 g of the solid catalyst. This ethylene polymer had an intrinsic viscosity [ti] of 1.27 dl/g. 

[Polymerization] 

10 

In a continuous f luidized bed gas phase reactor, ethylene was copolymerized with 1 -hexene at a total pres- 
sure of 20 kg/cm2-G and a polymerization temperature of 80 ^'C. To the reactor were continuously fed the pre- 
polymerzied catalyst prepared in the above at a feed rate of 0.048 mmol/hour in terms of zirconium atom and 
trilsobutytaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, l-hexene, hydrogen 
15 and nitrogen to maintain a constant gas composition in the reactor (gas composition: 1-hexene/ethylene = 
0.030. hydrogen/ethylene ~ 0.0013, ethylene concentratton - 25 %). 

Thus, an ethylene/a-olefin copolymer (A-1-1) was obtained in an amount of 5.3 kg/hour. The copolymer 
had a density of 0.920 g/cm^ and a melt flow rate (MFR) of 2.0 g/10 min. The temperature at the maximum 
peak of the DSC endothermic curve (Tm) of the copolymer was 112.2 *'C. Further, the copolymer had a melt 
20 tension (MT) of 1 .8 g at 1 90 ""C and a flow index (PI) of 290 (I/sec). The amount of the decane-soluble portion 
in the copolymer was 0.47 % by weight at 23 °C. The number of unsaturated bond in the copolymer was 0.091 
per 1,000 carbon atoms, and was 0.08 per one molecule of the polymer. 

Physical properties of the ethylene/a-olefin copolymer (A-1-1) are set forth in Table 1. 

25 Example 1 

[Preparation of a composition] 

The ethylene/a-olefin copolymer (A-1-1) obtained in Preparation Example 1 and a high-pressure radical 
30 polymerization low-density polyethylene (B-1-1) shown in Table 2 were dry blended in a mixing ratio of 90/10 
[(A-1-1 )/(B-1-1)]. To the resultant blend were added 0.05 part by weight of tri(2,4-di-t>butylphenyl)phosphate 
as a secondary antk)xidant, 0.1 part by weight of n-octadecyl-3-(4'-hydroxy-3',5'-di-t-butylphenyi)propionate 
as a heat-resistant stabilizer and 0.05 part by weight of calcium stearate as a hydrochloric acid absorbent, each 
based on 100 parts by weight of the resin. Then, the resultant mixture was kneaded by a conical-tapered twin- 
35 screw extruder (produced by Haake Buchter Instrument Inc.) at a preset temperature of 180 °C, to obtain an 
ethylene copolymer composition. 

[Film formation] 

40 The ethylene copolymer composition obtained as above was subjected to inflation by the use of a single- 
screw extruder (20 mm<^-L/D = 26) equipped with a die of 25 mm<^ (lip width: 0.7 mm) and a single-slit air ring 
under the conditions of an air flow rate of 90 l/min, an extrusion rate of 9 g/min, a blow ratio of 1.8, a take-up 
rate of 2.4 m/min and a processing temperature of 200 ''C, to form a film having a thickness of 30 ^m. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
45 the composition are set forth in Table 3. 

As is evident from Table 3, the film obtained firom the composition was excellent in optical characteristics, 
nrwldabiltty, blocking resistance and strength. 

Reference Example 1 

50 

The procedure of film formation in Example 1 was repeated except for using the ethylene/a-olefin copo- 
lymer (A-1-1) obtained in Preparation Example 1 , to form a film having a thickness of 30 ^m. Melt properties 
of the ethytene/a-olef In copolymer and physical properties of the film formed from the copolymer are set forth 
in Table 3. 

55 As is evident firom Example 1 and Reference Example 1 , the ethylene/a-olefin copolymer was improved 
in moldability and optical characteristics by blending it with a high-pressure radical polymerization low-density 
polyethylene. Further, the ethylene copolymer composition was hardly reduced in the film impact as compared 
with the ethylene/a-olefin copolymer (A-1-1), in spite that the composition contained a high-pressure radical 
polymerization low-density polyethylene having a low film impact. 

45 
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Comparative Example 1 

[Preparation of an ethylene/a-olefin copolymer (C-1)] 

5 

The procedure of copolymerization of ethylene with 1>hexene In Preparation Example 1 was repeated ex- 
cept for replacing the zirconium catalyst system with a titanium type catalyst system described in Japanese 
Patent Publication No. 63(1988)-54289, to obtain an ethylene/a-olefin copolymer (C-1). Physical properties 
of the ethylene/a-olefin copolymer (C>1) are set forth in Table 1. 

10 

[Preparation of an ethylene copolymer composition] 

The ethylene/a-olefin copolymer (C-1) obtained in the above and a high-pressure radical polymerization 
low-density polyethylene (B-1-1) shown in Table 2 were used to prepare an ethylene copolymer composition 
IS in a manner similar to t hat of Example 1 . 

[FOm formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
20 formed in a manner similar to that of Example 1 . Melt properties of the ethylene copolymer composition and 
physical properties of the film formed from the composition are set forth in Table 3. 

The film obtained above had a wide composition distribution and a large amount of sticky component, and 
hence the film was particularly low in the blocking resistance. Further, as is dear from Comparative Example 
1 and Example 1 wherein an ethylene/a-olefin copolymer containing the same comonomers as those of the 
25 copolymer in Comparative Example 1 and having MT and density almost equal to those of the copolymer in 
Comparative Example 1 was used, the film of Example 1 was very low in reduction of the film impact 

Comparative Example 2 

30 From the ethylene/a-olefin copolymer (C-1) obtained in Comparative Example 1 . a film having a thickness 
of 30 ^m was formed in a manner similar to that of Example 1. 

Melt properties of the ethylene/a-otef in copolymer (C-1) and physical properties of the film formed from 
the copolymer are set forth In Table 3. 

35 Preparation Examples 2-4 

The procedure of Preparation Example 1 was repeated except for varying the kinds of the comonomera 
and the amounts thereof to those set forth in Table 1, to obtain ethytene/a-olef in copolymera (A-1-2). (A-1-3) 
and (Ar1-4). 

40 Physical properties of the ethylene/a-olefin copolymera (A-1-2), (A-1-3) and (A-1 -4) are set forth In Table 
1. 

Examples 2-4 

45 The procedure for preparing the ethylene copolymer compositk>n in Example 1 was repeated except for 
varying the ethylene/a-olefin copolymer to those set forth in Table 3, to prepare ethylene copolymer compo- 
sitions. From the ethylene copolymer compositions thus prepared, films each having a thkskness of 30 [on were 
formed In a manner similar to that of Example 1. 

Melt properties of the ethylene copolymer compositions and physical properties of the films formed from 

50 the compositions are set forth in Table 3. 

Reference Examples 2 - 4 

From the ethylene/a-olefin copolymera (A-1-2), (A-1-3) and (A-1-4) obtained in Preparation Examples 2 
55 to 4, films each having a thickness of 30 ^m were formed In a manner similar to that of Example 1 . 

Melt properties of the ethylene/a-olefin copolymers (A-1-2). (A-1-3) and (A-1-4) and phystoal properties 
of the films formed from the copolymers are set forth in Table 3. 
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Preparation Example 5 

The procedure of copolymerization of ethylene with 1-hexene in Preparation Example 1 was repeated ex- 
cept for replacing bis(1,3-dimethylcyclopentadienyt)zirconium dichtoride with ethylenebis(indenyl)zirconium 
dichloride and varying the comonomer amount to that set forth in Table 1 , to prepare an ethylene/a-olef in co- 
polymer (A-1-5). 

Physical properties of the ethylene/a-olef in copolymer (A-1-5) are set forth in Table 1 . 
Example 5 

The 6thy1ene/a-olefin copolymer (A-1-5) obtained in Preparation Example 5 and a high-pressure radical 
polymerization low-density polyethylene (B-1-2) shown in Table 2 were used to prepare an ethylene copolymer 
composition in a manner similar to that of Example 1 . From the ethylene copolymer composition thus prepared, 
a fflm having a thickness of 30 was formed in a manner similar to that of Example 1. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 3. 

Reference Example 5 

The procedure of film formation in Example 1 was repeated except for using the ethylene/a-olef In copo- 
lymer (A-1-5) obtained in Preparation Example 5, to form a film having a thickness of 30 ^m. 

Melt properties of the ethylene/a-olef in copolymer (A-1-5) and physical properties of the film formed from 
the copolymer are set forth in Table 3. 

Example 6 

The ethylene/a-oiefin copolymer (A-1-1) obtained in Preparation Example 1 and a high-pressure radical 
polymerization low-density polyethylene (B-1-3) shown in Table 2 were used to prepare an ethylene copolymer 
composition in a nr^anner similar to that of Example 1 . From the ethylene copolynfier composition thus prepared, 
a fQm having a thickness of 30 \im was formed in a manner similar to that of Example 1. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth In Table 3. 

Comparative Example 3 

The ethylene/a-olefin copolymer (A-1-1) obtained in Preparation Example 1 and a high-pressure radical 
polymerization low-density polyethylene (D-1) shown in Table 2 were used to prepare an ethylene copolymer 
composition in a manner similar to that of Example 1 . From the ethylene copolymer composition thus prepared, 
a film having a thickness of 30 ^m was formed in a manner similar to that of Example 1. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 3. 

As is evident from Comparative Example 3 and Reference Example 1, even by blending the ethyiene/a- 
olefin copolymer with such a high-pressure radical polymerization low-density polyethylene as used In Conv 
parative Example 3. the resulting compositton was not increased in the melt tension. 

It has been confirmed from the examples, the comparative examples and the reference examples descri- 
bed above that when the ethylene/a-olefin copolymer is blended with a specific high-pressure radical poly- 
merization low-density polyethylene, the resulting composition is improved in the moldabllity, and the film 
formed from the composition is improved In the optical characteristics. Further, the ethylene copolymer conn- 
position is hardly reduced in the film Impact as compared with the ethylene/a-olefin copolymer only, in spite 
that the composition contains a high-pressure radical polymerization low-density polyethylene having a low 
film impact Moreover, it has been also confirmed that a film showing high blocking resistance can be obtained 
from the ethylene copolymer composition of the Invention. 
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Table 1 



5 

1 




Ethylene/a-olef in 


copolymer 






10 


Code 
No. 


Comonoiner 


Amount of 
comonomer 
mol% 


Density 
g/cm^ 


MFR 
g/10 
min 


Tm 


Formula 

(1) 




A-1-1 


1-hexene 


3.0 


0.920 


2.0 


112.2 


118.0 




A-1-2 


1-pentene 


2.6 


0.920 


2.1 


111.9 


118.0 


15 


A-1-3 


4 -methyl- 1-pentene 


2.3 


0.921 


2.0 


112.0 


118.4 




A- 1-4 


l-butene 


2.5 


0.926 


2.0 


111.5 


120.4 




A-1-5 


1-hexene 


2.8 


0. 922 


1.6 


112.1 


118.8 


20 


C-1 


1-hexene 


3.6 


0.922 


1.0 


123.2 


118.8 



25 



30 



35 



40 



4$ 



50 
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Table 1 (continued) 





Ethylene/a-olef in copolymer 


10 


Code 
No. 


MT 

g 


Formula 
(2) 


FI 
5-1 


Formula 
(3) 


Decane-soluble 
portion weight 
% 


Formula 
<4) 


Unsaturated 
bond *1 




A-1-1 


1.8 


1.2 


290 


150 


0.47 


1.57 


0.091 


IS 


A-1-2 


1.7 


1.2 


270 


158 


0.08 


1.57 


0.093 




A-1-3 


1.9 


1.2 


280 


150 


0.25 


1.43 


0.022 




A-1-4 


1.9 


1.2 


270 


150 


0.57 


0.90 


0.091 


20 


A-1-5 


6.6 


1.5 


220 


120 


0.53 


1.30 


0.088 




C-1 


1.8 


2.2 


190 


75 


7.9 


1.30 


0.250 




Remark : 


Formula 


<1) : 


Tm < 


400xd-250 







25 



wherein Tm means a melting point at the maximum peak of the 
DSC endothermic curve, and d means a density, 
^ Formula (2): MT > 2.2xMFR-o-8< 

wherein MT means a melt tension at 190 ^'C, and MFR means a 
melt flow rate. 
35 Formula (3) : FI > 75XMFR 

wherein FI means a flow index, and MFR means a melt flow 
rate. 

^ Formula (4): W < SOxexp (-100 (d-0 . 88) ) +0 . 1 (under the 

condition of MFR^lOg/lOmin] , wherein w means a weight of a 
decane-soluble portion at 23 °C. 

^ Formula (4): W< 80x <MFR-9) -o.26xexp (-100 (d- 

0.88))'t-0.1 [under the condition of MFR>10g/10min] , wherein 
W means a weight of a decane-soluble portion at 23 ^C. 
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*1: the number of unsaturated bond in the ethylene/a- 
^ olefin copolymer based on 1,000 carbon atoms. 

A-1-1 - A-1-5: Zr type catalyst, gas phase 
polymerization 

C-1: Ti type catalyst, gas phase polymerization 

15 

Table 2 



20 



High-pressure radical plymerization low-density polyethylene 


Code 
No. 


MFR 
(g/10 min.) 


Mw/Mn 


*1 


Density 
(g/cm3) 


Physical property of film 


Haze 
% 


Gloss 

% 


Film impact 
kg • cm/cm 


B-l-l 


5.2 


9.4 


4.2 


0.919 


15.0 


14 


1,050 


B-1-2 


0.50 


4.4 


<0 


0.924 


7.4 


51 


1,750 


B-1-3 


0.32 


10.6 


<0 


0.922 








D-1 


66 


8.9 


12.4 


0.915 









Remark: *1: value obtained by the formula 7 . 5xlog(MFR) -1 .2 

35 
40 
45 

50 
55 
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Table 3 

5 







Con^onent 
A 


Con\ponent 
B 


Mixing ratio 


Melt property of 
ethylene copolymer 
composition 


10 




Code No. 


Code No. 


A/B 
weight ratio 


MFR 
g/10 min. 


MT 

g 


FI 
s-1 




£X . 1 




A-1-1 


B-1-1 


90/10 


2.1 


3.1 


350 


IS 


Re£ . Cx . 


X 


A-1-1 




100/0 


2.0 


1.8 


290 






1 


C-1 


B-1-1 


90/10 


1.0 


4.0 


245 




Comp , Ex . 


2 


C-1 




100/0 


1.0 


1.8 


190 


20 


Ex. 2 




A-1-2 


B-1-1 


90/10 


2.1 


2.9 


330 




Re f . Ex . 


2 


A-1-2 




100/0 


2,1 


1.7 


270 




Ex. 3 




A-1-3 


B-1-1 


90/10 


2.0 


3.0 


340 


25 


Ref. Ex. 


3 


A-1-3 




100/0 


2.0 


1.9 


280 




Ex. 4 




A-1-4 


B-1-1 


90/10 


2,0 


2.9 


330 




Ref. Ex. 


4 


A-1-4 




100/0 


2,0 


1.9 


270 


30 


Ex. 5 




A-1-5 


B-1-2 


90/10 


1.7 


8.8 


220 




Ref. Ex. 


5 


A-1-5 




100/0 


1.6 


6.9 


220 




Ex. 6 




A-1-1 


B-1-3 


90/10 


1.8 


3.7 


290 


35 


Ref. Ex. 


1 


A-1-1 




100/0 


2.0 


1.8 


290 




Comp . Ex 


3 


A-1-1 


D-1 


90/10 


2.2 


1.8 


390 




Ref. Ex. 


1 


A-1-1 




100/0 


2.0 


1.8 


2 90 



45 



50 
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Table 3 (continued) 

5 



10 



25 



30 





Physical property of film 




Haze 
% 


Gloss 
% 


Film impact 
kg* cm/ cm 


Impact 
retention 

xabv X 


Blocking 
force g/cm 


Moldabllity 
*2 


Ex 1 

Ref. Ex. 1 


8.6 

)i . 3 


54 


3,380 

O f DH\J 


95 


0.43 

u . « X 


AA 

rc 


Comp . Ex . 2 


6.2 
11 . 5 


95 
44 


2,760 
3,400 


81 
100 


4.7 
4.0 


AA 

CC 


Ex. 2 

Ref. Ex. 2 


6.2 
7.4 


90 
68 


2, 620 
2,730 


96 
100 


0.44 
0.27 


BB 
CC 


Ex. 3 

Ref. Ex. 3 


6.4 
7.9 


88 
62 


2,920 
3,070 


95 
100 


0.15 
0.13 


AA 
CC 


Ex. 4 

Ref. Ex. 4 


6.0 

6.8 


91 

68 


1,770 
1,790 


99 
100 


1.16 
0.78 


BB 
CC 


Ex. 5 

Ref. Ex. 5 


10.1 
12.0 


43 
36 


2, 900 
3,010 


96 
100 


0.08 
0.06 


AA 
AA 


Ex. 6 
Ref. Ex. 1 


12.4 
9.5 


28 
49 


3,490 
3,540 


99 
100 


0.20 
0.21 


AA 
CC 


Comp. Ex. 3 
Ref. Ex. 1 


9.4 
9.5 


52 
49 


3,210 
3,540 


91 
100 


0.29 
0.21 


CC 
CC 



Remark : 

35 

Impact retention rate *1: film impact of a film formed 
from the ethylene copolymer composition based on the film 
impact of a film formed from the ethylene/a-olef in 

40 

copolymer only being 100. As this value is larger, the 
impact retention becomes higher. 
45 Moldabllity *2: 

AA: MTS3, BB: 3>MT^2, CC: 2>MT 



Preparation Example 6 

Preparation of an ethylene/a-olef in copoiymer 

55 

[Preparation of a solid catalyst] 

7.9 kg of silica having been dried at 250 °C for 10 hours was suspended in 121 liters of toluene, and the 
resultant suspension was cooled to 0 ""C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
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uene solution of methylaluminoxane (Al = 1,47 mol/l) over 1 hour. During the addition, the temperature of the 
system was kept at 0 °C. Successively, the reaction was carried out at 0 for 30 minutes. Then, the temper- 
ature of the system was elevated to 95 °C over 1 .5 hours, and the reaction was carried out at the same tem- 

5 perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 ""C, and the supernatant 
liquid was removed by decantation. 

The solid component obtained above was washed twice with toluene, and then again suspended In 125 
liters of toluene. To the reaction system was dropwise added 20litersof a toluene solution of bis(1,3-dimethyl- 
cyclopentadtenyl)zirconium dichloride (Zr = 28.4 mmol/l) at 30 °C over 30 minutes, and the reaction was further 

10 carried out at 30 ''C for 2 hours. Then, the supernatant liquid was renr>oved, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 4.6 mg of zirconium based on 1 g of the solid catalyst. 

[Preparation of a prepolymerized catalyst] 

15 To 160 liters of hexane containing 16 mol of triisobutylaluminum was added 4.3 kg of the solid catalyst 
obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 ^'C 
for 3.5 hours to obtain a prepolymerized catalyst In which polyethylene was present in an amount of 3 g based 
on 1 g of the solid catalyst. This ethylene polymer had an intrinsic viscosity [r\] of 1.27 dl/g. 

20 [Polymerization] 

In a continuous fluidized bed gas phase reactor, ethylene was copolymerlzed with 1-hexene at a total pres- 
sure of 20 kg/cm2-G and a polymerization temperature of 80 ''C. To the reactor were continuously fed the pre- 
polymerzied catalyst prepared in the above at a feed rate of 0.048 mmoiyhour in terms of zirconium atom and 
25 triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas composition in the reactor (gas composition: l-hexene/ethylene = 
0.083, hydrogen/ethylene = 0.0012, ethylene concentration = 23 %). 

Thus, an ethylene/a-olefin copolymer (A-1-6) was obtained in an amount of 5.3 kg/hour. The copolymer 
had a density of 0.927 g/cm^ and a melt flow rate (MFR) of 1.0 g/10 min. The temperature at the nrtaximum 
30 peak of the DSC endothermic curve (Tm) of the copolymer was 11 7.8 Further, the copolymer had a melt 
tension (MT) of 3.2 g at 190 °C and a flow Index (Fl) of 180 (I/sec). The amount of the decane-soluble portion 
in the copolymer was 0.22 % by weight at 23 ''C. The number of unsaturated bond in the copolymer was 0.062 
per 1,000 carbon atoms, and was 0.06 per one molecule of the polymer. 

Physical properties of the ethylene/a-olef in copolymer (A-1-6) are set forth in Table 4. 

35 

Reference Example 6 
[Film formation] 

40 The ethyiene/a-olefin copolymer (A-1-6) obtained in Preparation Example 6 was subjected to inflation by 
the use of a single-screw extruder (20 mm<{> L/D = 26) equipped with a die of 25 mm<)) (lip width: 0.7 mm) and 
a single-slit air ring under the conditions of an airflow rate of 90 l/min, an extrusion rate of 9 g/min. a blow 
ratio of 1.8, a take-up rate of 2.4 nrVmin and a processing temperature of 200 X. to form a film having a thick- 
ness of 30 ^m. 

45 Melt properties of the ethylene/a-olef in copolymer (A-1 -6) and physteal properties of the film formed from 
the copolymer are set forth in Table 6. 

Example 7 

50 [Preparation of a composition] 

The ethytene/a-olefin copolymer (A-1-6) obtained in Preparation Example 6 and a crystalline polyotefin 
(B-2-1) shown in Table 5 were dry blended in a weight ratto of 90/10 [(A-1-6)/(B-2-1)]. To the resultant blend 
were added 0.05 part by weight of tri(2,4-di-t-butylphenyl)phosphate as a secondary antioxkiant, 0.1 part by 
55 weight of n-octadecyl-3-(4'-hydroxy-3'.5'-di-t-butylphenyl)propionate as a heat-resistant stabilizer and 0.05 
part by weight of calcium stearate as a hydrochloric acid absorbent, each based on 100 parts by weight of the 
resin. Then, the resultant mixture was kneaded by a conical-tapered twin-screw extruder (produced by Haake 
Buchler Instrument Inc.) at a preset temperature of 160 °C, to obtain an ethylene copolymer composition. 
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(Film formation] 

The ethylene copolymer composition obtained in the above was subjected to inflation in a manner similar 
s to that of Reference Example 6, to prepare a film having a thickness of 30 \ar\. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 6. 

As compared with Reference Example 6, the ethylene copolymer composition obtained above was not low- 
ered in the melt tension and the flow index (Fl) within the high-shear region, and the film formed from the 
10 composition was improved in the rigidity. 

Example 8 

[Preparation of a composition] 

15 

The procedure for preparing the ethylene copolymer composition in Example 7 was repeated except for 
using the ethylene/a-olefin copolymer (A-1-6) obtained in Preparation Example 6 and a crystalline polyolefin 
(B-2-2) shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-2)], to prepare an ethylene copolymer conv 
position. 

20 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 6. 
25 Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 6. 

As compared with Reference Example 6. the ethylene copolymer composition obtained above was not low- 
ered in the melt tension and the flow index (Fl) within the high-shear region, and the film formed from the 
composition was improved in the rigidity. 

30 

Example 9 

[Preparation of a composition] 

35 The procedure for preparing the ethylene copolymer compositk)n in Example 7 was repeated except for 
using the ethylene/a-o!efin copolymer (A-1-6) obtained in Preparation Example 6 and a crystalline polyolefin 
(B-2-3) shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-3)], to prepare an ethylene copolymer com- 
position. 

40 [FDm formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 6. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
45 the composition are set forth in Table 6. 

As compared with Reference Example 6, the ethylene copolymer composition obtained above was in- 
creased in the flow index (Fl) within the high-shear regton, and the film formed from the composition was en- 
hanced in the rigidity. 

50 Example 10 

[Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 7 was repeated except for 
55 using the ethylene/a-olefin copolymer (A-1-6) obtained in Preparation Example 6 and a crystalline polyolefin 
(B-2-4) shown In Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-4)], to prepare an ethylene copolymer com- 
position. 
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fFilm formation] 

From the ethylene copolymer composition obtained In the at>ove, a film having a thickness of 30 ^m was 
5 formed in a manner similar to that of Reference 'Example 6. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 6. 

As compared with Reference Example 6, the ethylene copolymer composition obtained above was in- 
creased in the flow index (Fl) within the high-shear region, and the film formed from the composition was en- 
10 hanced in the rigidity. 

Example 11 

[Preparation of a composition] 

IS 

The procedure for preparing the ethylene copolymer composition in Example 7 was repeated except for 
using the ethylene/a-olefin copolymer (A-1-6) obtained in Preparation Example 6 and a crystalline polyolefin 
(B-2-5) shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-5)], to prepare an ethylene copolymer conv 
position. 

20 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 6. 
25 Meit properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 6. 

As compared with Reference Example 6, the ethylene copolymer composition obtained above was in- 
creased in the flow index (Fl) within the high-shear regton, and the film formed from the composition was en- 
hanced in the rigidity. 

30 



Table 4 



40 



Ethylene/a-olefin copolymer 


Code 
No. 


Comonomer 


Amount of 
comonomer 
mol% 


Density 
g/cm^ 


MFR 
g/10 
min 


Tm 


Formula 
(1) 


A-1-6 


1-hexene 


1.9 


0.927 


1.0 


117.8 


120.8 



45 



50 



55 
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5 Table A (continued) 



10 



Ethylene/a-olefin copolymer 


Code 

No. 


MT 

g 


Formula 

(2) 


FI 

3-1 


Formula 

(3) 


Decane-soluble 
portion weight 
% 


Formula 
(4) 


Unsaturated 
bond *1 


A-1-6 


3.2 


2.2 


180 


75 


0.22 


0.83 


0.062 



IS 

Remark : 

Formula (1): Tm < 400xd-250 
wherein Tm means the maximum peak temperature of the DSC 

20 

endothermic curve/ and d means a density. 

Formula (2): MT > 2.2xMFR-o-8« 

wherein MT means a melt tension at 190 ^C, and MFR means a 

25 

melt flow rate. 

Formula (3) : FI > 75XMFR 

^ wherein FX means a flow index, and MFR means a melt flow 
rate . 

Formula (4): W < BOxexp (-100 (d-0 . 88) } +0. 1 [under the 
35 condition of MFR^lOg/lOmin] , wherein W means a weight of a 
decane-soluble portion at 23 ^C. 



Formula (4): W < SOx (MFR-9) -*»-26xexp (-100 <d- 
0.88)) +0.1 [under the condition of MFR>10g/10min] , wherein 

45 

w means a weight of a decane-soluble portion at 23 'C. 

*1: the number of unsaturated bond in the ethylene/a- 

olefin copolymer based on 1,000 carbon atoms. 

A-1-6: Zr type catalyst, gas phase polymerization 
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Table 5 

5 



IS 



Code 
No. 


Composition (mol%) 


MFR 

(g/10 min) 


Density 
(g/cm^) 


Ethylene 


Propylene 


Butene 


B-2-1 


100 






5.0 


0.968 


B-2-2 


99.8 




0,2 


0.65 


0.963 


B-2-3 


3.4 


95.0 


1,6 


6.8 


0.910 


B-2-4 




100 




6.5 


0.910 


B-2-5 






100 


2.0 


0.908 



Remark : 



MFR measuring temperature 
25 B-2-1, B-2-2: 190 *C 

B-2-3 - B-2-5: 230 **C 

30 

Table 6 



35 



45 





Cozqponent 
A 


Component 
B 


Mixing ratio 


Melt property 


Code No. 


Code No. 


A/B 

weight ratio 


MFR 
g/10 min 


MT 

g 


FI 


Ref. Ex. 6 


A-1-6 




100/0 


1.0 




180 


Ex. 7 


A-1-6 


B-2-1 


90/10 


1.2 


3.1 


210 


Ex. 8 


A-1-6 


B-2-2 


90/10 


1.0 


3.4 


220 


Ex. 9 


A-1-6 


B-2-3 


90/10 


1.1 


3.2 


370 


Ex. 10 


A-1-6 


B-2-4 


90/10 


1.1 


3.2 


240 


Ex. 11 


A-1-6 


B-2-5 


90/10 


1.1 


.3.2 


310 



50 



57 
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Table 6 (continued) 



20 





Physical property of film 


Haze 
% 


Tensile test (MD) 


Tensile test (TD) 


YM kg/cm2 


EL % 


YM kg/cm2 


EL % 


Ref. Ex. 6 


10.0 


4, 100 


570 


4, 400 


620 


Ex, 7 


10.0 


4,800 


600 


5, 900 


650 


Ex. 8 


12.7 


4, 600 


600 


5, 600 


700 


Ex. 9 


9,9 


5,300 


610 


5, 600 


650 


Ex, 10 


10,3 


5,900 


600 


6,300 


650 


Ex, 11 


13.6 


4,200 


560 


4, 900 


630 



25 

Preparation Example 7 

Preparation of an ethylene/a-olef in copolymer 

30 [Preparation of a solid catalyst] 

7.9 kg of silica having been dried at 250 for 10 hours was suspended In 121 liters of toluene, and the 
resultant suspension was cooled to 0 ^C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
uene solution of methylaluminoxane (Al = 1 .47 mol/l) over 1 hour. During the addition, the temperature of the 

35 system was kept at 0 ''C. Successively, the reaction was carried out at 0 ''C for 30 minutes. Then, the temper- 
ature of the system was elevated to 95 °C over 1.5 hours, and the reaction was carried out at the same tem- 
perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 ''C, and the supernatant 
liquid was removed by decantatton. 

The solid component obtained above was washed twice with toluene, and then again suspended in 125 

40 liters of toluene. To the reaction system was dropwise added 20 liters of a toluene solution of bis(1 .3-dimethyl- 
cyclopentadlenyl)2irconium dichloride (Zr = 28.4 mmol/l) at 30 °C over 30 minutes, and the reaction was further 
carried out at 30 *C for 2 hours. Then, the supernatant liquid was removed, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 4.8 mg of zirconium based on 1 g of the solid catalyst 

45 [Preparation of a prepolynnerized catalyst] 

To 160 liters of hexane containing 16 mol of triisobutylaluminum was added 4.3 kg of the solid catalyst 
obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 "C 
for 3.5 hours to obtain a prepolymerized catalyst in which polyethylene was present in an amount of 3 g based 
50 on 1 g of the solid catalyst The ethylene polymer had an intrinsic viscosity It\] of 1.27 dl/g. 

[PolymerizattonJ 

In a continuous f luidized bed gas phase reactor, ethylene was copolymerized with 1 -hexene at a total pres- 
55 sure of 20 kg/cm^-G and a polymerization temperature of 60 ^C. To the reactor were continuously fed the pra- 
polymerzied catalyst prepared in the above at a feed rate of 0.048 mmol/hour in terms of zirconium atom and 
triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas composition in the polymerizer (gas composition: 1-hexene/ethylene 
= 0.083, hydrogen/ethylene - 0.0012, ethylene concentration = 23 %). 
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Thus, an ethylene/a-olefin copolymer (A- 1-7) was obtained In an amount of 5,3 kg/hour. The copolymer 
had a density of 0.927 g/cm^ and a melt flow rate (MFR) of 1 .0 g/10 min. The number of unsaturated bond in 
the copolymer was 0.062 per 1,000 carbon atoms, and was 0.06 per one molecule of the polymer. The tem- 
5 perature at the maximum peak of the DSC endothermic curve (Tm) of the copolymer was 117.8^0. The amount 
of the decane-soluble portton In the copolymer was 0.22 % by weight at 23 ''C. 

Physical properties of the ethylene/a-olefin copolymer (A- 1-7) are set forth in Table 7. 

Reference Example 7 

10 

[Film formation] 

The ethylene/a-olefin copolymer (A-1-7) obtained in Preparatbn Example 7 was subjected to Inflation by 
the use of a single-screw extruder (20 mm^ L/D = 26) equipped with a die of 25 mm^ (lip width: 0.7 mm) and 
15 a single-slit air ring under the conditions of an air flow rate of 90 l/min, an extrusion rate of 9 g/min, a blow 
ratio of 1.8, a take-up rate of 2.4 m/min and a processing temperature of 200 ''C, to form a film having a thick- 
ness of 30 )im. 

Melt properties of the ethylene/a-oief in copolymer (A-1-7) and physical properties of the film formed from 
the copolymer are set forth in Table 9. 

20 

Example 12 

[Preparation of a composition] 

25 The ethylene/a-olefin copolymer (A-1-7) obtained in Preparation Example 7 and an olefin type elastomer 
(B-3-1) (density: 0.88 g/cm^) shown in Table 8 were dry blended in a weight ratio of 90/10 [(A-1-7)/(B-3-1)]. To 
the resultant blend were added 0.05 % by weight of tri(2,4-di-t-butylphenyl)phosphate as a secondary antiox- 
idant, 0.1 % by weight of n-octadecyl-3-(4'-hydroxy-3*,5'*di-t-butylphenyl)propionate as a heat-resistant sta- 
bilizer and 0.05 % by weight of calcium stearate as a hydrochloric acid absorbent, each based on 100 parts 

30 by weight of the resin. Then, the resultant mixture was kneaded by a conical-tapered twin-screw extruder (pro- 
duced by Haake Buchler Instrument Inc.) at a preset temperature of 180 "C, to obtain an ethylene copolymer 
composition. 

[Film formation] 

35 

The ethylene copolymer composition obtained in the above was subjected to inflation in a manner similar 
to that of Reference Example 7, to prepare a film having a thickness of 30 ^m. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 9. 
40 As compared with Reference Example 7, the inflation film obtained above was Improved In the film Impact 
without deterioration of the transparency and the moidability (MT.FI). 

Example 13 

45 [Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 12 was repeated except for 
using the ethylene/a-olefin copolymer (A-1-7) obtained In Preparation Example 7 and an olefin type elastomer 
(B-3-2) (density: 0.87 g/cm^) shown in Table 8 in a weight ratio of 90/1 0 [(A-1-7)/(B-3-2)1 , to prepare an ethy- 
50 lene copolymer composition. 

[Film formation] 

From the ethylene copolymer composition prepared In the above, a film having a thickness of 30 jim was 
55 formed in a manner similar to that of Reference Example 7. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 9. 

As compared with Reference Example 7, the inflation film obtained above was Improved in the film Impact 
without deterioration of the transparency and the moidability (MT, Fl). 
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Example 14 

[Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 12 was repeated except for 
using the ethylene/a-olefin copolymer (A-1 -7) obtained in Preparation Example 7 and an olefin type elastomer 
(B-3-3) (density: 0.87 g/cm^) shown in Table 8 in a weight ratio of 90/1 0 [(A-1 -7)/(B-3-3)], to prepare an ethylene 
copolymer composition. 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner simOar to that of Reference Example 7. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 9. 

As compared with Reference Example 7, the inflation film obtained above was improved in the film Impact 
without deterioration of the transparency and the moldability (MT, Fl). 

Table 7 



Ethylene/a-olef in copolymer 


Code 
No. 


Comonomer 


Amount of 
comonomer 
mol% 


Density 
g/cm^ 


MFR 
g/10 
min 


Tm 


Formula 
(1) 


A-1-7 


1-hexene 


1.9 


0.927 


1.0 


117.8 


120.8 
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Table 7 (continued) 



Ethylene/a-olef in copolymer 


Code 
No. 


MT 

g 


Formula 
(2) 


FI 


Formula 
(3) 


Decane-soluble 
portion weight 
% 


Formula 
(4) 


Unsaturated 
bond *1 


A-1-7 


3.2 


2.2 


180 


75 


0.22 


0.83 


0.062 



Remark: 

Formula (1) : Tm < 400xd-250 
wherein Tm means the maximum peak temperature of the DSC 
endothermic curve, and d means a density. 

Formula (2): MT > 2.2XMFR-0-" 

wherein MT means a melt tension at 190 ^C, and MFR means a 
melt flow rate. 

Formula (3) : FI > 75xMFR 

wherein FI means a flow index, and MFR means a melt flow 
rate . 

Formula (4): W < SOxexp (-100 (d-0 . 88) ) +0 . 1 [under the 
condition of MFR^lOg/lOmin] , wherein W means a weight of a 
decane-soluble portion at 23 ^C. 

Formula (4): W < 80x(MFR-9) -o-2«xexp (-100 (d- 

0.88)) +0.1 [under the condition of MFR>10g/10min] , wherein 
W means a weight of a decane-soluble portion at 23 **C. 

*1: the number of unsaturated bond in the ethylene/a- 

olefin copolymer based on 1,000 carbon atoms. 

A-1-7: Zr type catalyst, gas phase polymerization 
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Table 8 

5 



10 



Code 
No. 


Compos it ion ( mo 1 % ) 


MFR 
(g/10 min) 


Density 
(g/cm^) 


Ethylene 


Propylene 


Butene 


ENB 


B-3-1 


89 




11 




3.6 


0.88 


B-3-2 


80 


20 






1.0 


0.87 


B-3-3 


74 


24 




2 


0.2 


0.87 



Remark : 



ENB: ethylidene norbornene 



Table 9 





Compo- 
nent A 


Compo- 
nent B 


Mixing 
ratio 


Melt property 


Physical property of film 


Code No. 


Code No. 


A/B 
weight 
ratio 


MFR 
g/10 min 


MTg 


Fl s-1 


Haze% 


Film impact 
kgcnVcm 


Ref. Ex. 

7 


A- 1-7 




100/0 


1.0 


3.2 


180 


10.0 


2.210 


Ex. 12 


A-1-7 


B-3-1 


90/10 


1.2 


3.3 


210 


9.5 


2.620 


Ex. 13 


A-1-7 


B-3-2 


90/10 


1.0 


3.6 


180 


9.0 


2.910 


Ex. 14 


A-1-7 


B-3-3 


90/10 


0.8 


4.3 


150 


9.9 


2.910 



40 Preparation Example 8 

Preparation of an ethylene/a-oief in copolymer 
[Preparation of a solid catalyst] 

45 

7.9 kg of silica liaving been dried at 250 <'€ for 10 hours was suspended in 121 liters of toluene, and the 
resultant suspension was cooled to 0 *^C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
uene solution of methylaluminoxane (Al » 1.47 mol/l) over 1 hour. During the addition, the temperature of the 
system was kept at 0 °C. Successively, the reaction was carried out at 0 '»C for 30 minutes. Then, the temper- 

50 ature of the system was elevated to 95 °C over 1 .5 hours, and the reaction was carried out at the same tenv 
perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 ""C. and the supernatant 
liquid was removed by decantation. The solid component obtained above was washed twice with toluene, and 
then again suspended in 1 25 liters of toluene. To the reaction system was dropwise added 20 liters of a toluene 
solution of bis(1.3-dimethytcyclopentadi6nyl]zirconium dichloride (Zr ' 28.4 mmol/1) at 30 ^'C over 30 minutes. 

55 and the reactton was further carried out at 30 ''C for 2 hours. Then, the supernatant liquid was removed, and 
the residue was washed twice with hexane to obtain a soiki catalyst containing 4.6 mg of zirconium based on 
1 g of the solid catalyst. 
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[Preparation of a prepolymerized catalyst] 

To 160 liters of hexane containing 16 mot of triisobutylalumlnum was added 4.3 kg of the solid catalyst 
5 obtained In the above, and the resultant mixture was subjected to prepolymerizatlon with ethylene at 35 
for 3.5 hours to obtain a prepolymerized catalyst in which polyethylene was present in an amount of 3 g based 
on 1 g of the solid catalyst The ethylene polymer had an intrinsic viscosity [ti] of 1.27 di/g. 

[Polymerization] 

10 

In a continuous fluidized bed gas phase reactor, ethylene was copotymerized with 1*hexene at a total pres- 
sure of 18 kg/cm^G and a polymerization temperature of 75 '^C. To the reactor were continuously fed the pre- 
poiymerzied catalyst prepared in the above at a feed rate of 0.05 mmol/hour in terms of zirconium atom and 
triisobutylalumlnum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
15 and nitrogen to maintain a constant gas composition In the reactor (gas composition: 1-hexene/ethylene - 
0.041, hydrogen/ethylene = 0.0011, ethylene concentration = 10 %). 

Thus, an ethylene/a-olefin copolymer (A-2-1) was obtained in an amount of 6.0 kg/hour. The copolymer 
had a density of 0,906 g/cm^ and a melt flow rate (MFR) of 0.32 g/10 min. The temperature at the maximum 
peak of the DSC endothermic curve (Tm) of the copolymer was 92.5 "C. Further, the copolymer had a melt 
20 tension (MT) of 6.2 g at 190 ''C and a flow index (Fl) of 89 (i/sec). The amount of the decane-soluble portion 
in the copolymer was 0.52 % by weight at room temperature. The number of unsaturated bond in the copolymer 
was 0.090 per 1,000 carbon atoms, and was 0.90 per one molecule of the polymer. 

Physical properties of the ethylene/a-olefin copolymer (A-2-1) are set forth in Table 10. 

25 Example 15 

[Preparation of an ethylene/a-olef in copolymer composition] 

The ethylene/a-olefin copolymer (A-2-1) (density: 0.906 g/cm^) obtained in Preparation Example 8 and 
30 an ethylene/a-olefin copolymer (A-3-1) (density: 0.949 g/cm^) prepared in the same manner as described in 
Preparation Example 8 except for adjusting the comonomer amount to that set forth in Table 10 were melt 
kneaded in a weight ratio of 57/43 [(A-2-1)/(A-3-1)], to prepare an ethylene/a-defln copolymer composition 
(L-1-1). 

Physical properties of the ethylene/a-oiefin copolymer (A-3-1) are set forth in Table 10. and physical prop- 
35 erties of the ethylene/a-olefin copolymer composition (L-1-1) are set forth in Table 11 . 

[Preparation of an ethylene copolymer composition] 

The ethylene/a-olefin copolymer composition (L-1-1) and a high-pressure radical polymerization low-den- 
40 slty polyethylene (B-1-4) shown in Table 12 were dry blended in a mixing ratio of 90/10 [(L-1-1 )/(B- 1-4)]. To 
the resultant blend were added 0.05 part by weight of tri(2,4-di-t-butytphenyl)phosphate as a secondary anti- 
oxidant, 0,1 part by weight of n-octadecyl-3-(4'-hydroxy-3',5*-dl-t-buty!phenyl)propionate as a heat-resistant 
stabilizer and 0.05 part by weight of calcium stearate as a hydrochloric acid absorbent, each based on 100 
parts by weight of the resin. Then, the resultant mixture was kneaded by a conrcal-tapered twin-screw extruder 
45 (produced by Haake Buchler Instrument Inc.) at a preset temperature of 180 °C, to obtain an ethylene copo- 
lymer composition. 

[Film formation] 

50 The ethylene copolymer composition obtained in the above was subjected to inflation by the use of a sin- 
gle-screw extruder (20 mm(|))-L/D = 26) equipped with a die of 25 mm^ (lip width: 0.7 mm) and a single-slit air 
ring under the conditions of an air flow rate of 90 i/min, an extrusion rate of 9 g/min, a blow ratio of 1.8, a take- 
up rate of 2.4 m/min and a processing temperature of 200 ''C, to form a film having a thickness of 30 ^m. 
Melt properties of the ethylene copolymer composition and physical properties of the film formed from 

55 the composition are set forth in Table 13. 
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Reference Example 8 
[Film formation] 

The procedure of film formation in Example 1 5 was repeated except for using the ethylene/a-olef in copo- 
lymer composition (L-1-1) prepared in Example 15, to form a film having a thickness of 30 pm. 

Melt properties of the ethyiene/a-olefin copolymer composition (L-1-1) and physical properties of the film 
formed from the composition are set forth in Table 13. 

It was confirmed from Example 15 and Reference Example 8 that the ethylene/a-olef in copolymer conrv 
position was increased in the melt tension by blending it with a high-pressure radical polymerization low-density 
polyethylene, and the film formed from the composition containing the polyethylene was enhanced in the 
transparency. 

Example 16 

[Preparation of an ethylene/a-def in copolymer composition] 

An ethylene/a-oiefin copolymer (A-2-2) (density: 0.916 g/cm^) and an ethyiene/a-olefin copolymer (A-3- 

2) (density: 0.931 g/cm^), each of said copolymers having been prepared in the same manner as described In 
Preparation Example 8 except for adjusting the comonomer anrwunt to that set forth in Table 10» were melt 
kneaded In a weight ratio of 70/30 [(A-2-2)/(A-3-2)], to obtain an ethylene/a-olef in copolymer composition (L- 
1-2). 

Physical properties of the ethylene/a-olef in copolymer (A-3-2) are set forth in Table 10, and physical prop- 
erties of the ethylene/a-olef in copolymer composition (L-1-2) are set forth in Table 11. 

[Preparation of an ethylene copolymer composition] 

The procedure for preparing the ethylene copolymer composition in Example 15 was repeated except for 
using the ethylene/a-olefin copolymer composition (L-1-2), to prepare an ethylene copolymer composition. 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed In a manner similar to that of Example 15. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 13. 

Reference Example 9 

[Film formation] 

From the ethylene/a-olefin copolymer composition (L-1-2) prepared in Example 16, a film having a thick- 
ness of 30 ^m was formed in a manner similar to that of Example 15. 

Melt properties of the ethylene/a-olefin copolymer composition (L-1-2) and physical properties of the film 
formed from the composition are set forth In Table 13. 

It was confirmed from Example 1 6 and Reference Example 9 1 hat the ethylene/a-otef in copolymer conv 
positlon was increased in the melt tension by blending it with a high-pressure radical polymerization low-density 
polyethylene, and the film formed from the composition containing the polyethylene was enhanced In the 
transparency. 

Example 17 

[Preparation of an ethylene/a-olef In copolymer composition] 

An ethylene/a-olefin copolymer (A-2-3) (density: 0.907 g/cm^j and an ethylene/a-olefin copolymer (A-3- 

3) (density: 0.943 g/cm^), each of said copolymers having been prepared in the same manner as described in 
Preparation Example 8 except for adjusting the comonomer amount to that set forth In Table 10, were melt 
kneaded in a weight ratio of 60/40 ((A-2-3)/(A-3-3)], to obtain an ethylene/a-olefin copolymer composition (L- 
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1-3). 

Physical properties of the ethylene/a-olefin copolymers (A- 2-3) and (A-3-3) are set forth In Table 10, and 
physical properties of the ethylene/a-olefin copolymer composition (L-1-3) are set forth in Table 11. 

5 

[Preparation of an ethylene copolymer composition] 

The procedure for preparing the ethylene copolymer composition in Example 15 was repeated except for 
using the ethylene/a-olefin copolymer composition (L-1-3), to prepare an ethylene copolymer composition. 

10 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Example 15. 
fs Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 13. 

Reference Example 10 

20 [Film formation] 

From the ethylene/a-olefin copolymer composition (L-1-3) obtained in Example 17, a film having a thick- 
ness of 30 ^m was formed in a manner similar to that of Example 15. 

Melt properties of the ethylene/a-olefin copolymer composition (L-1-3) and physical properties of the film 
25 formed from the composition are set forth in Table 13. 

It was confirmed from Example 17 and Reference Example 10 that the ethylene/a-olefin copolymer com- 
position was enhanced in the transparency and the melt tension by blending it with a high-pressure radk:al 
polymerization low-density polyethylene. 

^ Comparative Example 4 

[Preparation of an ethylene/a-olefin copolymer composition] 

An ethylene/a-olefin copolymer (C-2) (density: 0.915 g/cnr*) and an ethylene/a-olefin copolymer (C-3) 
35 (density: 0.933 g/cnn^). each of said copolymers having been prepared In the same manner as described in 
Preparation Example 8 except for replacing the zirconium catalyst system with a titanium type catalyst system 
described in Japanese Patent Publication No. 63(1988)-54289, and adjusting the comonomer amount to that 
set forth in Table 10, were melt kneaded in a weight ratio of 60/40 [(02)/(C-3)], to obtain an ethytene/a-olef in 
copolymer composition (L-1-5). 
40 Physical properties of the ethylene/a-olefin copolymers (C-2) and (C-3) are setforth in Table 10, and phys- 
ical properties of the ethylene/a-olefin copolymer composition (L-1-5) are set forth in Table 11. 

[Preparation of an ethylene copolymer composition] 

45 The procedure for preparing the ethylene copolymer composition in Example 15 was repeated except for 
using the ethylene/a-olefin copolymer composition (L-1-5), to prepare an ethylene copolymer composition. 

[Film formation] 

50 From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Example 15. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are setforth In Table 13. 

The ethylene copolymer composition obtained above was lower in the melt tension than the ethylene/a- 
55 olefin copolymer composition (L-1-3) of Example 17 having almost the same MFR and density, and the film 
obtained above was inferior to the film formed from the ethylene/a-olefin copolymer composltton (L-1-3) of 
Example 1 7 in the film impact and the blocking resistance. 
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Comparative Example 5 

[Preparation of an ethylene/a-olefin copolymer composition] 

5 

The procedure for preparing the ethylene copolymer composition In Example 15 was repeated except for 
using an ethylene/a-olefin copolymer (C-4) prepared In the same manner as described in Preparation Example 
8 except for adjusting the comonomer amount to that set forth In Table 10, to prepare an ethylene copolymer 
composition. 

10 Physical properties of the ethylene/a-olef In copolymer (C-4) are set forth in Table 1 0. 
[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
IS formed in a manner similar to that of Example 1 5. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 13. 

The ethylene copolymer composition obtained above was lower in the flow index within the high-shear 
region as compared with the ethylene/a-olefin copolymer composition (L-1-1) of Example 15 having almost 
20 the same MFR and density, and the film obtained above was inferior to the film formed from the ethylene/a- 
olefin copolymer composition (L-1-1) of Example 15 in the film impact and the blocking resistance. 

Example 18 

25 [Preparation of an ethylene/a-olefin copolymer composition] 

An ethylene/a-olefin copolymer (A- 2-4) (density: 0.916 g/cm^) prepared in the same manner as described 
in Preparation Example 8 except for adjusting the comonomer amount to that set forth in Table 10 and an ethy- 
lene/a-o(ef in copolymer (A-3-4) (density: 0.924 g/cm^) prepared In the same manner as described in Prepa- 
30 ration Example 8 except for replacing bl8(1 ,3-dimethylcyclopentadlenyl)zirconium dichloride with bl8(1-methyl- 
3-n-butylcyclopentadlenyl)zlrconium dichloride and adjusting the comonomer amount to that set forth in Table 
1 0 were melt kneaded In a weight ratio of 20/80 [(A-2-4)/(A-3-4)], to obtain an ethylene/a-olefin copolymer com- 
position (L-1-4). 

Physical properties of the ethylene/a-olefin copolymers (A-2-4) and (A-3-4) are set forth in Table 10, and 
35 physical properties of the ethylene/a-olefin copolymer composition (L-1-4) are set forth In Table 1 1 . 

[Preparation of an ethylene copolymer composition] 

The procedure for preparing the ethylene copolymer composition in Example 15 was repeated except for 
40 using the ethylene/a-olefin copolymer composition (L-1-4), to prepare an ethylene copolymer composition. 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 \im was 
45 formed In a manner similar to that of Example 15. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 13. 

Reference Example 11 

50 

[Film formation] 

From the ethylene/a-olefin copolymer composition (L-1-4) prepared in Example 18, a film having a thick- 
ness of 30 ^m was formed in a manner similar to that of Example 15. 
55 Melt properties of the ethylene/a-olefin copolymer composition (L-1-4) and physical properties of the film 

formed from the composition are set forth in Table 13. 

It was confirmed from Example 18 and Reference Example 11 that the ethylene/a-olefin copolymer com- 
position was increased in the melt tension by blending it with a high-pressure radksal polymerization low-density 
polyethylene. 
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Table 10 

5 



25 



Code No. 


Comonomer 


Amount o£ 
comonomer 


Densit:y, 
g/cm3 


MFR 
g/10 min 


[tl] 
g/dl 


A-2-1 
A-2-2 
A-2-3 
A-2-4 
C-2 


1-hexene 
l—hexene 
1-hexene 
1-hexene 
1-hexene 


4.9 
3.3 
4.8 
3.3 
6.1 


0.906 
0. 916 
0.907 
0.916 
0.915 


0.32 
0.24 
0.35 
0.24 
0.65 


1.91 
2 . 00 
1.88 
2.00 
2.00 


A-3-1 
A-3-2 
A-3-3 
A-3-4 
C-3 


l-*hexene 
1-hexene 
1-hexene 
1-hexene 
1-hexene 


0.9 

1.7 
1.0 
2.8 
2.8 


0. 949 
0.931 
0.943 
0.924 
0.933 


10.7 
123 
165 
2.1 

19.2 


1. 11 
0.72 
0.58 
0.59 
1.04 


C-4 


1-hexene 


1.9 


0.927 


1.0 


1.60 



30 



3S 



40 



45 



50 



55 
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Table 10 (continuecl) 



10 


Code 
No. 


Tm 
*C 


Formula 
(1) 


MT 

9 


Formula 


FI 


Formula 


Decane- 
soluble 
portion 
weight % 


Formula 
(4) 


Un- 
saturated 
bond *1 




A-2-1 


92. 


5 


112. 


4 


6 


.2 


5.7 


89 


24 


0 


52 


6 


.04 


0 


.09 




A-2-2 


107. 


0 


116. 


4 


7 


.7 


7.3 


63 


18 


0 


15 


2 


.29 


0 


.16 


15 


A-2-3 


92. 


8 


112. 


8 


5 


.9 


5.3 


92 


27 


0 


55 


5.48 


0 


.12 




A-2-4 


107. 


0 


116. 


4 


7 


.7 


7.3 


63 


18 


0 


15 


2 


.29 


0 


.16 




C-2 


120. 


3 


116. 


0 


2 


.8 


3.2 


140 


49 


13 


50 


2 


.50 


0 


.23 


20 


A-3-1 


120. 


1 


129. 


6 


0 


.!> 




1390 




0 


08 


0 


.19 


0 


.06 




A-3-2 


116. 


8 


122. 


4 


0 


.1> 




11700 




1 


25 


1 


.77 


0 


.19 




A-3-3 


118. 


6 


127. 


2 


0 


.1> 




12400 




0 


45 


0 


.65 


0 


.08 


25 


A-3-4 


115 . 


0 


119. 


6 


0 


.9 




130 




0 


08 


1 


.08 


0 


.10 




C-3 


128. 


0 


123. 


2 


0 


.1> 




1440 




2 


20 


0 


.83 


0 


.28 




C-4 


117 . 


6 


120. 


6 


3 


.2 


2.2 


180 


75 


0 


22 


0 


.83 


0 


.06 



30 

Remark : 



Formula (1) : Tm < 400xd-250 
^ wherein Tm means the maximum peak temperature of the DSC 
endothermic curve, and d means a density. 
Formula <2) : MT > 2.2XMFR-<3-" 

40 wherein MT means a melt tension at 190 ^C, and MFR means a 
melt flow rate. 

Formula (3) : FI > 75xMFR 

^ wherein FI means a flow index, and MFR means a melt flow 
rate. 

Formula (4): W < SOxexp (-100 (d-0 . 88) ) +0 . 1 [under the 

50 

condition of MFH^lOg/lOmin] r wherein W means a weight of a 
decane-soluble portion at room temperature. 

55 
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Formula (4): W < 80x (MFR-9) -o-2«xexp (-100 (d- 
5 0.88)) +0.1 [under the condition of MFR>10g/10min] , wherein 
W means a weight of a decane-solubie portion at room 
temperature . 

10 

*1: the number of unsaturated bond in the ethylene/a- 
olefin copolymer based on 1,000 carbon atoms. 

A-2-1 - A-2-4, A-3-1 - A-3-4, C-4 : Zr type catalyst, 
gas phase polymerization 

C-2, C-3: Ti type catalyst, gas phase polymerization 

20 

Table 11 



30 



35 





Compo- 
nent A 


Component B 


Mixing ratio 


Density 


Melt property 


Code No. 


Code No. 


A/B (weight ra- 
tio) 


d g/cnn^ 


MFRg/IOmIn 


MTg 


Fl S-i 


L-1-1 


A-2-1 


A-3-1 


57/43 


0.926 


1.1 


3.3 


290 


L-1-2 


A-2-2 


A-3-2 


70/30 


0.922 


0.9 


3.9 


260 


L-1-3 


A-2-3 


A-3-3 


60/40 


0.921 


2.0 


2.4 


520 


L-1.4 


A-2-4 


A-3-4 


20/80 


0.922 


1.4 


2.7 


120 


L-l-S 


C-2 


C-3 


60/40 


0.922 


2.0 


1.0 


360 



Table 12 

40 



High-pressure radical polymerization low-density polyethylene 


Code No. 


MFR 
(g/10 min) 


Mw/Mn 


*1 


Density 
(g/cm3) 


Physical property of film 


Haze 
% 


Gloss 
% 


Film impact 
kg' cm/cm 


B-1-4 


0.50 


4.4 


<0 


0.924 


7.4 


51 


1,750 



Remark: *1 rvalue obtained by the formula 7 . 5xlog (MFR) -1 . 2 
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Table 13 





Cozoponent 


Component 

b TT 


Mixing ratio 


Molt property of 
ethylene copolymer 
conpoaition 


Code No. 


Code No. 


A I/B II 
(weight ratio) 


MFR 
9/ 10 min 


MT 

g 


FI 
s-1 


Ex. 15 


L-1-1 


B-1-4 


90/10 


1.0 


4.6 


290 


Ref, Ex. 8 


L-1-1 




100/0 


1.1 


3.3 


290 


Ex. 16 


L-1-2 


B-1-4 


90/10 


0.9 


5.1 


300 


Ref. Ex. 9 


L-1-2 




100/0 


0.9 


3.9 


300 


Ex. 17 


L-1-3 


B-1-4 


90/10 


1.8 


3.2 


520 


Ref. Ex. 10 


L-1-3 




100/0 


2.0 


1.8 


520 


Ex. 18 


L-1-4 


B-1-4 


90/10 


1.3 


3.5 


120 


Ref. Ex. 11 


L-1-4 




100/0 


1.4 


2.7 


120 


Comp. Ex. 4 


L-1-5 


B-1-4 


90/10 


1.8 


2.3 


370 


Comp . Ex. 5 


C-4 


B-1-4 


90/10 


0.9 


4,6 


190 



30 



35 



40 



45 



SO 
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Table 13 (continued) 



5 



IS 



20 





Physical property of film 


Haze 
% 


Film impact 
kg • cm/ cm 


Blocking force 
g/cm 


Moldability 
* 


Ex. 15 


8.8 


3,320 


0 


AA 


Ref. Ex. 8 


10 . 5 


5, 250 


0 


AA 


£x . 16 


9.0 


4,200 


0 


AA 


Ref. Ex. 9 


10.2 


7,030 


0 


AA 


Ex. 17 


8.9 


3,450 


0 


AA 


Ref. Ex. 10 


10.5 


5,770 


0 


BB 


Ex. 18 


8.2 


2,450 


0.17 


AA 


Ref. Ex. 11 


7.1 


2,600 


0.17 


BB 


Comp .Ex.4 


11.5 


2,820 


6.7 


BB 


Comp .Ex.5 


9.3 


2,200 


0.13 


AA 



30 Remark: 

Moldability *: 

AA: MT^3, BB: 2^T<3, CC; MT<2 

35 

Preparation Example 9 

Preparation of an ethylene/a-olef in copolymer 

40 

[Preparation of a catalyst] 

6.3 kg of silica having been dried at 250 ''C for 10 hours was suspended in 100 liters of toluene, and the 
resultant suspension was cooled to 0 **C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 

45 uene solution of methylaluminoxane (Ai ' 0.96 moi/l) over 1 hour. During the addition, the temperahire of the 
system was kept at 0 ^C. Successively, the reaction was carried out at 0 **C for 60 minutes. Then, the temper- 
ature of the system was elevated to 95 over 1.5 hours, and the reaction was carried out at the same tem- 
perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 °C, and the supernatant 
liquid was removed by decantation. 

50 The solid component obtained above was washed twice with toluene, and then again suspended in 125 
liters of toluene. To the reaction system was dropwise added 15 liters of a toluene solution of bis(n-butylcyclo- 
pentadienyl)zirconium dichloride (Zr - 42.7 mmol/l) at 30 ''C over 30 minutes, and the reaction was further car- 
ried out at 30 *'C for 2 hours. Then, the supernatant liquid was removed, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 6.2 mg of zirconium based on 1 g of the solid catalyst 

55 

[Preparation of a prepolymerized catalyst] 

To 300 liters of hexane containing 14 mol of triisobutyl aluminum was added 8.5 kg of the solid catalyst 
obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 
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for 7 hours to obtain a prepolymerized catalyst containing polyethylene in an anrK}unt of 10 g based on 1 g of 
the solid catalyst 

5 [Polymerization] 

In a continuous fluidized bed gas phase reactor, ethylene was copolymerized with 1-hexene at a total pres- 
sure of 1 8 kg/cm2-G and a polymerization temperature of 80 °C. To the reactor were continuously fed the pre- 
polymerzied catalyst prepared in the above at a feed rate of 0.15 mmol/hour in terms of zirconium atom and 
10 triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas composition in the reactor (gas composition: l-hexene/ethytene = 
0.020, hydrogen/ethylene » 6.6x10-^. ethylene concentration » 16 %). 

Thus, an ethylene/a-olefin copolymer (A-4-1) was obtained in an amount of 5.0 kg/hour. The copolymer 
had a density of 0.923 g/cm' and a melt flow rate (MFR) of 1.1 g/10 min. The temperature at the maximum 
15 peak of the DSC endothermic curve (Tm) of the copolymer was 116.8 "C. Further, the copolymer had a melt 
tension (MT) of 1.5 g. The amount of the decane-soluble portion in the copolymer was 0.02 % by weight at 23 
°C. The number of unsaturated bond in the copolymer was 0,09 per 1,000 carbon atoms, and was 0.16 per 
one molecule of the polymer. The B value indicating the a-olefin distribution in the copolymer chain was 1.02. 

Physical properties of the ethylene/a-olefin copolymer (A-4-1) are set forth in Table 14. 

20 

Example 19 

[Preparation of a composition] 

25 The ethylene/a-olefin copolymer (A-4-1) obtained in Preparation Example 9 and a high-pressure radical 
polymerization low-density polyethylene (B-4-2) shown in Table 15 were dry blended in a mixing ratio of 90/10 
[(A-4- 1)/(B-4-2)]. To the resultant blend were added 0.05 part by weight of tri(2,4-di-t-butylphenyi)phosphate 
as a secondary anttoxidant, 0.1 part by weight of n-octadecyl-3-(4'-hydroxy-3',5'-dht-butylphenyl)propionate 
as a heat-resistant stabilizer and 0.05 part by weight of calcium stearate as a hydrochloric acM absorbent, each 

30 based on 1 00 parts by weight of the resin. Then, the resultant mixture was kneaded by a conical-tapered twin- 
screw extruder (produced by Haake Buchler Instrument Inc.) at a preset temperature of 180 *>C, to obtain an 
ethylene copolymer composition. 

[Film formation] 

35 

The ethylene copolymer composition obtained in the above was subjected to inflation by the use of a sin- 
gle-screw extruder (20 mm^-L/D - 26) equipped with a die of 25 mm^ (lip wkJth: 0.7 mm) and a single-slit air 
ring under the conditions of an air flow rate of 90 1/min. an extruston rate of 9 g/min, a blow ratio of 1.8, a take- 
up rate of 2.4 m/min and a processing temperature of 200 ''C, to form a film having a thickness of 30 ^m. Melt 
40 properties of the ethylene copolymer composition and physical properties of the film formed from the compo- 
sition are set forth in Table 16. 

Example 20 

45 The procedure for preparing the ethylene copolymer composition in Example 19 was repeated except for 
varying the mixing ratio of the ethylene/a-olefin copolymer (A-4-1) to the high-pressure radical polymerization 
low-density polyethylene (B-4-2) to 75/25 [(A-4-1 )/(B-4-2)], to prepare an ethylene copolymer composition. 
From the ethylene copolymer composition, a film having a thickness of 30 ^m was formed in a manner similar 
to that of Example 19. 

50 Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth In Table 16. 

Example 21 

55 The procedure for preparing the ethylene copolymer composition in Example 19 was repeated except for 
replacing the high-pressure radical polymerization low-density polyethylene (B-4-2) with a high-pressure rad- 
ical polymerizatksn low-density polyethylene (B-4-1) shown in Table 15. to prepare an ethylene copolymer conrv 
position. From the ethylene copolymer composition, a film having a thickness of 30 jim was formed in a manner 
similar to that of Example 1 9. 
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Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 16. 

5 Reference Example 12 

From the ethylene/a-olefin copolymer (A>4-1) obtained in Preparation Example 9, a film having a thickness 
of 30 was formed In a manner similar to that of Example 19. 

Melt properties of the ethylene/a-o(ef in copolymer (A-4-1) and physical properties of the film formed from 
10 the copolymer are set forth in Table 16. 

Comparative Example 6 

Preparation of an ethylene/a-olefin copolymer (C-5)] 

15 

The procedure of Preparation Example 9 was repeated except for replacing the zirconium catalyst system 
with a titanium type catalyst system described in Japanese Patent Publication No. 63(1988)>54289, and ad- 
justing the comonomer amount to that set forth in Table 14. to prepare an ethylene/a-oief In copolymer (C-5). 
Physical properties of the ethylene/a-olefin copolymer (C-5) thus obtained are set forth in Table 14. 

20 

[Preparation of a composition] 

The ethylene/a-olefin copolymer (C-5) obtained in the above and a high-pressure radical polymerization 
low-density polyethylene (B-4-1) shown in Table 15 were used to prepare an ethylene copolymer composition 
25 in a manner similar to that of Example 19. 

[Film formation] 

From the ethylene copolymer composition prepared in the above, a film having a thickness of 30 (im was 
30 formed in a manner similar to that of Example 1 9. 

Melt properties of the ethylene copolymer composition and physical properties of the film fbrmed from 
the composition are set forth in Table 16. 

As shown in Table 16, the film obtained above was poor in the film impact and had a wide composition 
distribution and a large amount of sticky component, so thatthef ilm was deteriorated in the blocking resistance. 
35 Further, when Comparative Example 6 was compared with Example 21 wherein an ethylene/a-olefin copoly- 
mer having the same comonomera and almost the same MFR and density as those of the ethylene/a-oief in 
copolymer of Comparative Example 6 was used, the film of Example 21 was prominently improved in the haze. 

Comparative Example 7 

40 

From the ethylene/a-olefin copolymer (C-5) obtained in Comparative Example 6, a film having a thickness 
of 30 ^m was formed in a manner similar to that of Example 19. 

Melt properties of the ethylene/a-olefin copolymer (C-5) and physical properties of the film formed from 
the copolymer are set forth in Table 1 6. 

45 

Preparation Examples 10-12 

The procedure of Preparation Example 9 was repeated except for varying the kinds of the comonomers 
and the anrwunts thereof to those set forth in Table 14, to prepare ethylene/a-olefin copolymers (A-4-2), (A- 
50 4-3) and (A-4-4). Physical properties of the ethylene/a-olefin copolymers (A-4-2), (A-4-3) and (A-4-4) thus ob- 
tained are set forth in Table 14. 

Examples 22 - 24 

55 The procedure for preparing the ethylene copolymer composition In Example 19 was repeated except for 
using the ethylene/a-olefin copolymers (A-4-2), (A-4-3) and (A-4-4) obtained in Preparation Examples 10 to 
12, respectively, and using a high-pressure radical polymerization low-density polyethylene (B-4-1) shown in 
Table 15, to prepare ethylene copolymer compositions. From each of the ethylene copolymer compositions, 
a film having a thickness of 30 ^m was formed in a manner similar to that of Example 19. 
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Melt properties of the ethylene copolymer compositions and physical properties of the films formed from 
the compositions are set forth in Table 16. 

Reference Examples 13-15 

From each of the ethylene/a-olefin copolymers (A-4-2). (A-4-3) and (A-4-4) obtained in Preparation Ex- 
amples 10 to 12, a film having a thickness of 30 ^m was formed In a manner similar to that of Example 19. 

Melt properties of the 6thylene/a*olefin copolymers (A-4-2), (A-4-3) and (A-4-4) and physical properties 
of the films formed from the copolymers are set forth in Table 16. 

Preparation Examples 13 & 14 

The procedure of Preparation Example 9 was repeated except for replacing bis(n-butylcyclopentadie- 
nyl)zirconium dichloride with bis(l-methyl-3-n-butylcyclopentadienyl)zirconium dichloride and varying the conv 
onomer composition to that set forth in Table 14, to prepare ethyiene/a-otef in copolymers (A-4-5) and (A-4- 
6). Physical properties of the ethylene/a-olefin copolymers (A-4-5) and (A-4-6) thus obtained are set forth in 

Table 14. 

Examples 25 & 26 

The procedure for preparing the ethylene copolymer composition in Example 19 was repeated except for 
using the ethylene/a-olefin copolymers (A-4-5) and (A-4-6) obtained in Preparation Example 13 and 14, re- 
spectively, and using a high-pressure radical polymerization low-density polyethylene (B-4-1) shown in Table 
15, to prepare ethylene copolymer compositions. From each of the ethylene copolymer compositions, a film 
having a thickness of 30 ^m was formed in a manner similar to that of Example 19. 

Melt properties of the ethylene copolymer compositions and physical properties of the films formed from 
the compositions are set forth in Table 16. 

Reference Examples 16 & 17 

From each of the ethylene/a-olefin copolymers (A-4-5) and (A-4-6) obtained in Preparation Examples 13 
and 14, a film having a thickness of 30 ^m was formed in the similar manner to that of Example 19. 

Melt properties of the ethylene/a-oiefin copolymers (A-4-5) and (A-4-6) and physical properties of the films 
formed from the copolymers are set forth in Table 16. 

Comparative Example 8 

The ethylene/a-olefin copolymer (Ar4-1) obtained in Preparation Example 9 and a high-pressure radical 
polymerization low-density polyethylene (D-2) shown in Table 15 were used to prepare an ethylene copolymer 
composition in a manner similar to that of Example 19. From the ethylene copolymer composition, a film having 
a thickness of 30 \xm was formed in a manner similar to that of Example 19. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 15. 

As is evkjent from Comparative Example 8 and Reference Example 12, even by blending the ethylene/a- 
olefin copolymer with such a high-pressure radical polymerization low-density polyethylene as used in Com- 
parative Example 8. the film formed from the resulting composition was not increased so much in the trans- 
parency. 

Comparative Example 9 

The ethylene/a-olefin copolymer (A-4-1) obtained in Preparation Example 9 and a high-pressure radical 
polymerization low-density polyethylene (D-3) shown in Table 15 were used to prepare an ethylene copolymer 
composition In a manner similar to that of Example 19. From the ethylene copolymer composition, a film having 
a thickness of 30 \tm was formed in a manner similar to that of Example 19. 

Melt properties of the ethylene copolymer composition and physical properties of the film fbrmed from 
the composition are set forth in Table 15. 

As is evklentfrom Comparative Example 9 and Reference Example 12, even by blending the ethytene/a- 
olefin copolymer with such a high-pressure radical polymerization low-density polyethylene as used in Com- 
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parative Example 9. the resulting composition was not hardly improved in the melt tension, and the film formed 
from the composition was not increased so much in the transparency. 

It has been confirmed from the examples and the reference examples described above that when the ethy- 
5 lene/a-olefin copolymer Is blended with a specific high-pressure radical polymerization low-denslty polyethy- 
lene, the resulting composition is improved in the melt tension and in the haze (transparency). Further, it has 
been also confirmed that the ethylene copolymer composition of the invention is excellent In the blocking re- 
sistance. 

10 

Table 14 



20 



25 



30 



Ethylene/a-olef in copolymer 


Code 
No. 


Comonomer 


Amount of 
comonomer 


Density 
g/cm? 


MFR 
g/10 min 


A-4-1 
A-4-2 
A-4-3 
A-4-4 
A-4-5 
A-'4-6 


1-hexene 
1-hexene 
1-hexene 
4-methyl-l-pentene 
1-hexene 
1-hexene 


2.8 
3.0 
2.6 
2.4 
2.8 
1.9 


0.923 
0.920 
0.920 
0.920 
0.922 
0.927 


1.1 
2.4 
2.3 
2.0 
2.0 
0.9 


C-5 


1-hexene 


3.6 


0.922 


1.0 
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5 Table 14 (continued) 





Ethylene/a-olef in copolymer 


10 












Decane- 


Formula 








Code 


Tm 


Formula 


MT 


Formula 


soluble 


Unsaturated 


FI 




No. 




(1) 


g 


(2) 


portion 


(3) 


bond *1 








°C 








weight % 








IS 


A-4-1 


116.8 


119.2 


1.5 


2.0 


0.02 


1.19 


0.09 


67 




A-4-2 


114 .8 


118.0 


0.7 


1.1 


0.25 


1.57 


0.07 


150 




A-4-3 


115.0 


118.0 


0.7 


1.1 


0.08 


1 .57 


0.08 


110 


20 


A-4-4 


114. -7 


118.0 


0.8 


1.2 


0.19 


1.57 


0.12 


100 




A-4-5 


115.0 


118.8 


0.8 


1.2 


0.20 


1.30 


0.07 


100 




A-4-6 


115.0 


120.8 


1.8 


2.4 


0.14 


1.01 


0.06 


58 


25 


C-5 


123.2 


118.8 


1.8 


2.2 


7.9 


1.30 


0.25 


190 



Remar)c: Formula <1) : Tm < 400xd-250 



30 



35 



40 



45 



50 
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wherein Tm means a melting point at the maximum peak of the 
DSC endothermic curve, and d means a density. 
Formula (2): MT ^ 2.2xMFR-0-»* 

wherein MT means a melt tension at 190 **C/ and MFR means a 
melt flow rate. 

Formula (3): W < SOxexp (-100 (d-0 . 88) ) +0. 1 [under the 

condition of MFR^lOg/lOmin] , wherein W means a weight of a 
decane-soluble portion at 23 **C. 

Formula (3): W < 80x (MFR-9) -o-2«xexp (-100 (d- 

0,88)) +0.1 [under the condition of MFR>10g/10min J , wherein 
w means a weight of a decane-soluble portion at 23 **C. 

*1: the number of unsaturated bond in the ethylene/a- 

olefin copolymer based on 1,000 carbon atoms. 

A-4-1 " A-4-6: Zr type catalyst, gas phase 
polymerization 

C-5: Ti type catalyst, gas phase polymerization 



Table 15 



High-pressure radical polymerization low-density polyethylene 


Code 
No. 


MFR 
(g/10 

min) 


Mw/Mn 


*1 


*2 


Density 
(g/cm^) 


Physical property of film 


Haze 
% 


Gloss 
% 


Film impact 
kg • cm/cm 


B-4-1 


5.2 


9.4 


17,8 


4.3 


0.919 


15,0 


14 


1,050 


B-4-2 


0.50 


4.4 


10.2 


<0 


0.924 


7.4 


51 


1,750 


D-2 


0.32 


10.6 


8.8 


<0 


0.922 








D-3 


66 


8.9 


26.1 


12.4 


0.915 









Remar)c: *1 rvalue obtained by the formula? .5xlog (MFR) +12 . 5 



2: value obtained by the formula 7 . 5xlog (MFR) -1 .2 
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Table 16 





Component 
A 


Con^onent 
B 


HiXin^ ratio 


Melt property of 
ethylene copolymer 
con^osition 




Code No. 


Code No . 


A/B 
weight ratio 


MFR 
g/10 min. 


MT 

g 


FI 


Ex. 19 




A-4-1 


B-4-2 


90/10 


0.9 


4.3 


90 


Ex. 20 




A-4-1 


B-4-2 


75/25 


0.8 


6.8 


120 


Ex. 21 




A-4-1 


B-4-1 


90/10 


1.1 


3.6 


100 


Ref. Ex. 


12 


A-4-1 




100/0 


1.1 


1.5 


67 


Comp . Ex . 


6 


C-5 


B-4-1 


90/10 


1.0 


4.0 


245 


Comp , Ex . 


7 


C-5 




100/0 


1.0 


1.8 


190 


Ex. 22 




A-4-2 


B-4-1 


90/10 


2.4 


1.8 


200 


Ref. Ex. 


13 


A-4-2 




100/0 


2.4 


0.7 


150 


Ex. 23 




A-4-3 


B-4-1 


90/10 


2 . 4 


1.8 


150 


Ref. Ex. 


14 


A-4-3 




100/0 


2 . 3 


0 . 7 


110 


Ex. 24 




A-4-4 


B-4-1 


90/10 


2.0 


2.1 


135 


Ref. Ex. 


15 


A- 4 - 4 




100/0 


2.0 


0.8 


100 


Ex. 25 




A-4-5 


B-4-1 


90/10 


2.0 


2.2 


130 


Ref. Ex. 


16 


A-4-5 




100/0 


2.0 


0.8 


100 


Ex. 26 




A-4-6 


B-4-1 


90/10 


0.9 


4.5 


85 


Ref. Ex. 


17 


A-4-6 




100/0 


0.9 


1.8 


58 


Comp . Ex 


. 8 


A-4-1 


D-2 


90/10 


0.9 


6.6 


70 


Ref. Ex. 


12 


A-4-1 




100/0 


1.1 


1.5 


67 


Comp . Ex 


. 9 


A-4-1 


D-3 


90/10 


1.3 


1.6 


130 


Ref. Ex. 


12 


A-4-1 




100/0 


1.1 


1.5 


67 
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Table 16 (continued) 







Physical property of film 


10 




Haze 

% 


Haze 
Enhancing 
rate 


Gloss 
% 


Film 
impact 
Xg*cm/cm 


Blocking 
force 
g/cm 


Koldability 
★2 




Ex. 19 


2.8 


30 


180 


4,210 


0.19 


AA 


IS 


Ex. 20 


2.4 


27 


112 


4,050 


0.30 


AA 




Ex. 21 


3.2 


36 


96 


3, 910 


0 .24 


AA 




Ref. Ex. 12 


8.8 


100 


62 


7, 750 


0 .11 


CC 


20 


Comp . Ex . 6 


6.2 


54 


95 


2, 7 60 


4 . 7 


AA 




comp . £x . / 


11.5 


100 


44 


3, 400 


4 . 0 


CC 




Ex . 22 


2 . 8 


31 


99 


3, 960 


0.26 


CC 


25 


Kec . &X . 


9.0 


100 


58 


1 , 600 


0 . 18 


CC 




Ex . 23 


3 . 0 


34 


102 


2, 920 


0 . 4Z 


uC 




Ker . ciX • 14 


Q Q 


iUv 






0 25 


CC 


30 


Ex . 24 


3.0 


34 


100 


3, 100 


0.11 


BB 




Ref. Ex. 15 


8.9 


100 


60 


6,700 


0.09 


CC 




Ex. 25 


3.2 


35 


96 


3, 900 


0.20 


BB 


35 


Ref. Ex. 16 


9.2 


100 


56 


7,700 


0.15 


CC 




Ex. 26 


3.4 


43 


94 


4,230 


0 


AA 




Ref. Ex. 17 


8.0 


100 


73 


8,100 


0 


CC 


40 


Comp. Ex. 8 


7.8 


89 


63 


4,260 


0.15 


AA 




Ref. Ex. 12 


8.8 


100 


62 


7,750 


.0.11 


CC 


45 


Comp . Ex . 9 


8.0 


91 


87 


3,350 


0.12 


CC 


Ref. Ex. 12 


8.8 


100 


62 


7,750 


0.11 


CC 



Remark: 

Haze enhancing rate *1: haze of a film formed from the 
ethylene copolymer composition based on the haze of a film 
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formed from only the ethylene/a-olef in copolymer (i.e., 
copolymer of each reference example, copolymer of each 
comparative example) being 100. As this value is smaller, 
the haze is more improved. 
10 Moldability *2: 

AA: MT^3, BB: 3>MT^2, CC: 2>MT 



15 Preparation Example 15 

Preparation of an ethylene/a-olef in copolymer 
[Preparation of a solid catalyst] 

20 

6.3 kg of silica having been dried at 250 °C for 10 hours was suspended in 100 liters of toluene, and the 
resultant suspension was cooled to 0 °C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
uene solution of methylaluminoxane (Al - 0.96 mol/l) over 1 hour. During the addition, the temperature of the 
system was kept at 0 ''C. Successively, the reaction was carried out at 0 for 60 minutes. Then, the temper- 

25 ature of the system was elevated to 95 ""C over 1.5 houra. and the reaction was carried out at the same tenrv- 
perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 ""C, and the supernatant 
liquid was removed by decantation. 

The solid component obtained above was washed twice with toluene, and then again suspended In 125 
liters of toluene. To the reaction system was dropwise added 1 5 liters of a toluene solution of bis(n-butylcyclo- 

30 pentadienyl)zirconium dichloride (Zr » 42.7 mmol/l) at 30 ""C over 30 minutes, and the reaction was further car- 
ried out at 30 °C for 2 houre. Then, the supernatant liquid was removed, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 6.2 mg of zirconium based on 1 g of the solid catalyst. 

[Preparation of a prepolymerized catalyst] 

35 

To 300 liters of hexane containing 14 mol of triisobutyfaluminum was added 8.5 kg of the solid catalyst 
obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 ""C 
for 7 hours to obtain a prepolymerized catalyst in which polyethylene was present in an amount of 10 g based 
on 1 g of the solid catalyst 

40 

[Polymerization] 

In a continuous f luidized bed gas phase reactor, ethylene was copolymerized with 1 -hexene at a total pres- 
sure of 18 kg/cm2.G and a polymerization temperature of 80 *C. To the reactor were continuously fed the pre- 

45 poiymerzied catalyst prepared in the above at a feed rate of 0.15 mmol/hour in terms of zirconium atom and 
triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas compositton in the polymerizer (gas composition: l-hexene/ethylene 
= 0.020, hydrogen/ethylene = 6.6x10^, ethylene concentratton = 16 %). 

Thus, an ethylene/a-olef In copolymer (A-4-7) was obtained in an amount of 5.0 kg/hour. The copolymer 

50 had a density of 0.923 g/cm^ and a melt flow rate (MFR) of 1.1 g/10 min. The temperature at the maximum 
peak of the DSC endothermic curve (Tm) of the copolymer was 116.8 *C. Further, the copolymer had a melt 
tension (MT) of 1 .5 g. The amount of the decane-soluble portion in the copolymer was 0.02 part by weight at 
23 °C. The number of unsaturated bond in the copolymer was 0.09 per 1,000 carbon atoms, and was 0.16 per 
one molecule of the polymer. The B value indicating the a-olefin distribution in the copolymer chain was 1.02. 

55 Physical properties of the ethylene/a-olef in copolymer (A-4-7) are set forth in Table 1 7. 
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Reference Example 18 
[Film formation] 

5 

The ethylene/a-olefin copolymer (A-4-7) obtained in Preparation Example 15 was subjected to inflation 
by the use of a single-saew extruder (20 mmf L/D » 26) equipped with a die of 25 rm^ (lip width: 0.7 mm) 
and a single-slit air ring under the conditions of an air flow rate of 90 t/min. an extrusion rate of 9 g/mln. a blow 
ratio of 1 .8, a take-up rate of 2.4 m/min and a processing temperature of 200 X, to form a film having a thick- 
10 ness of 30 urn. 

Melt properties of the ethylene/a-olefin copolymer (A-4-7) and physical properties of the film formed from 
the copolymer are set forth In Table 19. 

Example 27 

IS 

[Preparation of a composition] 

The ethylene/a-o(efin copolymer (A-4-7) obtained in Preparation Example 15 and a crystalline polyolefin 
(B-2-6) shown In Table 18 were dry blended in a weight ratio of 90/10 [(A-4-7)/(B-2-6)]. To the resultant blend 
20 were added 0.05 part by weight of tri(2,4-dl-t-butylphenyi)phosphate as a secondary antioxidant. 0.1 part by 
weight of n-octadecyl-3-(4'-hydroxy-3*,5'-di-t-butylphenyl)propionate as a heat-resistant stabilizer and 0.05 
part by weight of calcium stearata as a hydrochloric acid absorbent, each based on 100 parts by weight of the 
resin. Then, the resultant mixture was kneaded by a conical-tapered twin-screw extruder (produced by Haake 
Buchler Instrument Inc.) at a preset temperature of 180 X, to obtain an ethylene copolymer composition. 

25 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 18. 
30 Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth In Table 19. 

As compared with Reference Example 18, the ethylene copolymer composition obtained above was im- 
proved in the flow index (Fl) within the high-shear region, and the film formed from the composition was in- 
creased in the transparency and the rigidity. 

35 

Example 28 

[Preparation of a composition] 

40 The procedure for preparing the ethylene copolymer composition in Example 27 was repeated except for 
using the ethylene/a-olefin copolymer (A-4-7) obtained in Preparation Example 15 and a crystalline polyolefin 
(B-2-7) shown in Table 18 in a mbdng ratk> of 90/10 [(A*4-7)/(B-2-7)], to prepare an ethylene copolymer com- 
position. 

45 [Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 18. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
50 the composition are set forth in Table 1 9. 

As compared with Reference Example 18, the ethylene copolymer composition obtained above was inv 
proved in the flow index (Fl) within the high-shear region, and the film formed from the composition was in- 
creased in the rigidity. 

55 Example 29 

[Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 27 was repeated except for 
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using the ethylene/a-olefin copolymer (A-4-7) obtained in Preparation Example 15 and a crystalline polyolefin 
(B-2-8) shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/(B-2-8)]. to prepare an ethylene copolymer com- 
position. 

5 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 18. 
10 Melt properties of the ethylene copolymer composition and physical properties of the film forn^ed from 
the composition are set forth in Table 19. 

As compared Reference Example 18, the ethylene copolymer composition obtained above was improved 
in the flow index (Fl) within the high-shear region, and the film formed from the composition was increased 
in the rigidity. 

IS 

Example 30 

[Preparation of a composition] 

20 The procedure for preparing the ethylene copolymer composition in Example 27 was repeated except for 
using the ethylene/a-otefin copolymer (A-4-7) obtained in Preparation Example 15 and a crystalline polyolefin 
(B-2-9) shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/(B-2-9)], to prepare an ethylene copolymer com- 
position. 

25 [Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 18. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
30 the composition are set forth in Table 1 9. 

As compared with Reference Example 18, the ethylene copolymer composition obtained above was im- 
proved in the flow Index (Fl) within the high-shear region* and the film formed from the composition was in- 
creased in the rigidity. 

35 Example 31 

[Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 27 was repeated except for 
40 using the ethylene/a-olefin copolymer (A-4-7) obtained in Preparation Example 15 and a crystalline polyolefin 
(B-2-10) shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/(B-2-10)], to prepare an ethylene copolynrer com- 
position. 

[Film formation] 

45 

From the ethylene copolynner compositton obtained in the above, a f 9m having a thickness of 30 ^m was 
formed in a manner similar to that of Reference Example 18. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 19. 
50 As compared with Reference Example 18, the ethylene copolymer composition obtained above was inrv 
proved in the flow index (Fl) within the high-shear region, and the film formed from the compositton was in- 
creased in the rigidity. 
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Table 17 

5 



10 



Code 
No. 


Comonomer 


Amount of 
comonomer 


Density 
g/cm^ 


MFR 
g/10 min 


A-4-7 


1-hexene 


2.8 


0.923 


1.1 



15 

Table 17 (continued) 



20 



25 



Code 
No. 


Tm 
^'C 


Formula 
(1) 


MT 

g 


Formula 
(2) 


Decane- 
soluble 
portion 
weight % 


Formula 
(3) 


Unsaturated 
bond *1 


FI 


A-4-7 


116.8 


119.2 


1.5 


2.0 


0.02 


1.19 


0.09 


67 



Remark : 

Formula (1) : Tm < 400xd-250 

30 

wherein Tm means the maximum peak temperature of the DSC 
endothermic curve, and d means a density. 
Formula (2): MT < 2.2xMFR-<»-" 

35 

wherein MT means a melt tension at 190 ^C, and MFR means a 
melt flow rate. 

Formula (3): W < 80xexp (-100 (d-0 . 88) ) +0 . 1 [under the 

40 

condition of MFR^lOg/lOmin] , wherein W means a weight of a 
decane-soluble portion at 23 **C. 
45 Formula (3): W< 80x (MFR-9) -o-2«xexp (-100 (d- 

0.88)) +0.1 [under the condition of MFR>10g/10min] , wherein 
W means a weight of a decane-soluble portion at 23 **C. 
^ *1: the number of unsaturated bond in the ethylene/a- 

olefin copolymer based on 1,000 carbon atoms. 

A-4-7: Zr type catalyst, gas phase polymerization 

55 
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Table 18 

5 



15 



Code 
No. 


Composition (moll) 


MFR 
(g/10 min> 


Density 
(g/cm^) 


Ethylene 


Propylene 


Butene 


B-2-6 


100 






5.0 


0.968 


B-2-7 


99.8 




0.2 


0.65 


0.963 


B-2-8 


3.4 


95.0 


1.6 


6.8 


0.910 


B-2-9 




100 




6.5 


0.910 


B-2-10 






ICQ 


2.0 


0.908 



Rema r Jc : 

MFR measuring temperature 
B-2-6r B-2-7: 190 **C 
25 B-2-8 - B-2-10: 230 *C 

30 

Table 19 



35 



40 





Component 

A 


Component 
B 


Mixing ratio 


Melt property 


Code No. 


Code No. 


A/B 

weight ratio 


MFR 
g/10 min 


MT 

g 


FI 
s-1 


Ref. Ex. 18 


A-4-7 




100/0 


1.1 


1.5 


67 


Ex. 27 


A-4-7 


B-2-6 


90/10 


1.3 


1.5 


86 


Bx. 28 


A-4-7 


B-2-7 


90/10 


1.0 


1.9 


90 


Ex. 29 


A-4-7 


B-2-8 


90/10 


1.1 


1.5 


152 


Ex. 30 


A-4-7 


B-2-9 


90/10 


1.1 


1.6 


99 


Ex. 31 


A-'4-7 


B-2-10 


90/10 


1.1 


1.5 


127 



50 



55 
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Table 19 (continued) 



10 





Physical property of film 


Haze 
% 


Tensile test (MD) 


Tensile test <TD) 


YM kg/cm2 


EL % 


YM kg/cin2 


EL % 


Ref. Ex. 18 


8.8 


2,900 


550 


3,100 


640 


Ex. 27 


6.7 


3,700 


580 


4,900 


620 


Bx. 28 


9.3 


3,600 


590 


4,700 


680 


Ex. 29 


8.8 


4,800 


560 


6,300 


600 


Ex. 30 


9.0 


5,100 


560 


6,900 


580 


Ex. 31 


12.0 


3,100 


550 


3,500 


640 



Preparation Example 16 

25 

Preparation of an ethylene/a-olef In copolymer 
[Preparation of a solid catalyst] 

30 6.3 kg of silica having been dried at 250 for 10 hours was suspended in 1 00 liters of toluene, and the 
resultant suspension was cooled to 0 ''C. Thereafter, to the suspension was dropwise added 41 liters of a tol- 
uene solution of methylaluminoxane (Al = 0.96 mol/l) over 1 hour. During the addition, the temperature of the 
system was kept at 0 ^C. Successively, the reaction was carried out at 0 ''C for 60 minutes. Then, the temper- 
ature of the system was elevated to 95 over 1.5 hours, and the reaction was carried out at the same tenrv 

35 perature for 4 hours. Thereafter, the temperature of the system was lowered to 60 ""C, and the supernatant 
liquid was removed by decantation. 

The solid component obtained above was washed twice with toluene, and then again suspended in 125 
liters of toluene. To the reaction system was dropwise added 1 5 liters of a toluene solution of bis(n-butylcydo- 
pentadienyl)2irconIum dichlorlde (Zr = 42.7 mmol/l) at 30 "C over 30 minutes, and the reaction was further car- 

40 ried out at 30 ''C for 2 hours. Then, the supernatant liquid was removed, and the residue was washed twice 
with hexane to obtain a solid catalyst containing 6.2 mg of zirconium based on 1 g of the solid catalyst. 

[Preparation of a prepolymerized catalyst] 

45 To 300 litere of hexane containing 14 moi of triisobutyiatuminum was added 8.5 kg of the solid catalyst 
obtained in the above, and the resultant mixture was subjected to prepolymerization with ethylene at 35 ""C 
for 7 hours to obtain a prepolymerized catalyst in which polyethylene was present In an amount of 10 g based 

on 1 g of the solid catalyst 

50 (Polymerization] 

In a continuous f luidized bed gas phase reactor, ethylene was copolymerized with 1 -hexene at a total pres- 
sure of 18 kg/cm2-G and a polymerization temperature of 60 ''C. To the reactor were continuously fed the pre- 
poiymerzied catalyst prepared in the above at a feed rate of 0.15 nnmol/hour in terms of zirconium atom and 
55 triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas composition in the polymerizer (gas composition: 1-hexene/ethylene 
= 0.020, hydrogen/ethylene = 6.6x10-*, ethylene concentration = 16 %). 

Thus, an ethylene/a-olef in copolymer (A-4-8) was obtained in an amount of 5.0 kg/hour. The copolymer 
had a density of 0.923 g/cm^ and a melt flow rate (MFR) of 1.1 g/10 min. The temperature at the nrwucimum 
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peak of the DSC endothermlc curve (Tm) of the copolymer was 116.8 °C. Further, the copolymer had a melt 
tension (MI) of 1.5 g. The anDOunt of the decane-soiuble portion in the copolymer was 0.02 part by weight at 
23 ''C. The number of unsaturated bond in the copolymer was 0.09 per 1.000 carbon atoms, and was 0.16 per 
5 one molecule of the polymer. The B value Indicating the a-olef in distribution in the copolymer chain was 1 .02. 
Physical properties of the ethylene/a-olefin copolymer (A-4-8) iare set forth in Table 20. 

Reference Example 19 

10 [Film formation] 

The ethylene/a-olefin copolymer (A-4-8) prepared in Preparation Example 16 was subjected to inflation 
by the use of a single-screw extruder (20 mm^ L/D = 26) equipped with a die of 25 mm^ (lip width: 0.7 mm) 
and a single-slit air ring under the conditions of an air flow rate of 90 l/min, an extrusion rate of 9 g/min, a blow 
15 ratio of 1 .8, a take-up rate of 2.4 m/min and a processing temperature of 200 ''C, to form a film having a thick- 
ness of 30 )im. 

Melt properties of the ethylene/a-olefin copolymer (A-4-8) and physical properties of the film formed from 
the copolymer are set forth in Table 22. 

20 Example 32 

Preparation of a composition] 

The ethylene/a-olefin copolymer (A-4-8) obtained in Preparation Example 16 and an olefin type elastomer 
25 (B-3-4) (density: 0.89 g/cm») shown in Table 21 were dry blended in a weight ratio of 90/10 [(A-4-8)/(B-3-4)), 
To the resultant blend were added 0.05 % by weight of tri(2,4-di-t-butylphenyl)phosphate as a secondary an- 
tioxidant. 0.1 % by weight of n-octadecyi-3-(4'-hydroxy-3'.5*-di-t-butylphenyl)proplonate as a heat-resistant 
stabilizer and 0.05 % by weight of calcium stearate as a hydrochloric acid absorbent, each based on 100 parts 
by weight of the resin. Then, the resultant mixture was kneaded by a conical-tapered twin-screw extruder (pro- 
30 duced by Haake Buchler Instrument Inc.) at a preset temperature of 1 80 "C, to obtain an ethylene copolymer 
composition. 

[Film formation] 

35 The ethylene copolymer composition obtained in the above was subjected to inflation in a manner similar 
to that of Reference Example 19, to form a film having a thickness of 30 ^m. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 22. 

As compared with Reference Example 19. the ethylene copolymer composition obtained above was Im- 
40 proved in the nioldabillty (MT, Fl), and the film formed from the composition was increased In the transparency 
and the film impact. 

Example 33 

45 [Preparation of a composition] 

The procedure for preparing the ethylene copolymer composition in Example 32 was repeated except for 
using the ethylene/a-olefin copolymer (A-4-8) obtained in Preparation Example 16 and an olefin type elasto- 
mer (B-3-5) shown in Table 21 in a weight ratio of 90/10 [(A-4-8)/(B-3-5)], to prepare an ethylene copolymer 
50 composition. 

[Film formation] 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 was 
55 formed in a manner similar to that of Reference Example 19. 

Melt properties of the ethylene copolymer composition and physical properties of the film fbrmed from 
the composition are set forth in Table 22. 

As compared with Reference Example 19, the ethylene copolymer composition obtained above was inv 
proved in the moldability (MT, Fl), and the film formed from the composition was increased in the transparency 
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Table 20 



Code 
No. 


Comonomer 


Amount of 
comonomer 


Density 
g/cm^ 


MFR 
g/10 min 


A-4-8 


1-hexene 


2.8 


0.923 


1.1 



Table 20 (continued) 



Code 
NO. 


Tm 
^C 


Formula 
(1) 


MT 

g 


Fomula 
(2) 


Decane- 
soluble 
portion 
weight % 


Formula 
<3) 


Unsaturated 
bond *1 


FI 


A-4-8 


116.8 


119.2 


1.5 


2.0 


0.02 


1.19 


0.09 


67 



Remark : 

Formula (1) : Tm < 400xd-250 
wherein Tm means the maximum peak temperature of the DSC 
endothermic curve, and d means a density. 

Formula (2): MT < 2.2XMFR-0-84 

wherein MT means a melt tension at 190 ''C, and MFR means a 

melt flow rate. 

Formula <3) : W < SOXexp (-100 (d-0 . 88) ) +0 . 1 (under the 

condition of MFRSlOg/lOmin] , wherein W means a weight of a 

decane-soluble portion at 23 **C. 

Formula (3): W < 80x(MFR-9) -<> "xexp (-100 (d- 

0.88)) +0.1 [under the condition of MFR>10g/10minl , wherein 
W means a weight of a decane-soluble portion at 23 *C. 
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*1: the number of unsaturated bond in the ethyiene/a- 
olefin copolymer based on 1,000 carbon atoms. 

A-4-8: Zr type catalyst, gas phase polymerization 



10 



Table 21 

15 



Code 
No. 


Composition (mol%) 


MFR 
(g/10 min) 


Density 
(g/cm3) 


Ethylene 


Propylene 


Butene 


ENS 


B-3-4 


88 




10 


2 


1.5 


0.89 


B-3-5 


74 


24 




2 


0.2 


0.87 



Remark: ENB: ethylidene norbornene 



Table 22 



35 



40 





Code No. 


Code No. 


Mixing 
ratio 


Melt property 


Physical property 
of film 


A/B 
weight 

ratio 


MFR 

g/10 

min 


MT 

g 


FI 

s-1 


Haze 
% 


Film impact 
kg -cm/ cm 


Ref. Ex. 19 


A-4-8 




100/0 


1.1 


1.5 


67 


8.8 


7,750 


Ex. 32 


A-4-8 


B-3-4 


90/10 


1.1 


4.0 


78 


3.5 


NB O8500) 


Ex. 33 


A-4-8 


B-3-5 


90/10 


1.0 


3.6 


73 


4.0 


NB (>8500) 



Remark: NB means that the film is not broken, (8/500 
kg* cm/cm = measurable maximum film impact) 

50 

Preparation Example 17 

Preparation of an ethylene/a-olefin copolymer 

55 

[Preparation of a solid catalyst] 

1 0.0 kg of silica having been dried at 250 °C for 1 0 hours was suspended in 1 54 liters of toluene, and the 
resultant suspension was cooled to 0 ''C. Thereafter, to the suspension was dropwise added 57.5 titers of a 
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toluene solution of methylaluminoxane (Al = 1.33 mol/l) over 1 hour. During the addition, the temperature of 
the system was kept at 0 ''C. Successively, the reaction was carried out at 0 ^'C for 30 minutes. Then, the tem- 
perature of the system was elevated to 95 <>C over 1.5 hours, and the reaction was carried out at the same 

5 temperature for 20 hours. Thereafter, the temperature of the system was lowered to 60 '^C, and the supernatant 
liquid was removed by decantation. 

The solid component obtained above was washed twice with toluene, and then again suspended in 100 
liters of toluene. To the reaction system was dropwise added 16.8 liters of a toluene solution of bis(1-methyl- 
3-n-butylcyclopentadienyl)zirconium dichtortde (Zr = 27.0 mmol/l) at 80 °C over 30 minutes, and the reaction 

10 was further carried out at 80 ''C for 2 hours. Then, the supernatant liquid was removed, and the residue was 
washed twice with hexane to obtain a solid catalyst containing 3.5 mg of zirconium based on 1 g of the solid 
catalyst. 

[Preparation of a prepolymerized catalyst] 

15 

To 87 liters of hexane containing 2.5 mol of triisobutylaluminum were added 870 g of the solid catalyst ob- 
tained in the above and 260 g of 1-hexene, and the resultant mixture was subjected to prepolymerization with 
ethylene at 35 ''C for 5 hours to obtain a prepolymerized catalyst in which polyethylene was present in an 
anraunt of 10 g based on 1 g of the solid catalyst 

20 

[Polymerization] 

In a continuous fluidlzed bed gas phase reactor, ethylene was copotymerized with 1 -hexene at a total pres- 
sure of 18 kg/cm2-G and a polymerization temperature of 75 ''C. To the reactor were continuously fed the pre- 
25 polymerzled catalyst prepared In the above at a feed rate of 0.15 mmol/hour in terms of zirconium atom and 
triisobutylaluminum at a feed rate of 10 mmol/hour while continuously feeding ethylene, 1-hexene, hydrogen 
and nitrogen to maintain a constant gas composition in the polymerizer (gas composition: 1-hexene/ethylene 
= 0.034, hydrogen/ethylene = 1.7x10^, ethylene concentration = 20 %). 

Thus, an ethylene/a-olefin copolymer (A-5-1) was obtained in an amount of 5.8 kg/hour. The copolymer 
30 had a density of 0.908 g/cm^ and a meit flow rate (MFR) of 0.77 g/10 min. The temperature at the maximum 
peak of the DSC endothermic curve (Tm) of the copolymer was 93.6 ^"0. The amount of the decane-soluble 
portion in the copolymer was 0.51 % by weight at 23 ""C. The number of unsaturated bond In the copolymer 
was 0.08 per 1,000 carbon atoms, and was 0.70 per one molecule of the polymer. 

Physical properties of the ethylene/a-olefin copolymer (A-5-1) are set forth in Table 23. 

35 

Example 34 

[Preparation of an ethylene/a-olefin copolymer composition] 

40 The ethylene/a-olefin copolymer (A-5-1) (density: 0.908 g/cm^) obtained in Preparation Example 17 and 
an ethylene/a-olefin copolymer (A-6-1) (density: 0.938 g/cm^) prepared in the same manner as described In 
Preparation Example 17 except for adjusting the comonomer amount to that set forth in Table 23 were melt 
kneaded in a weight ratio of 60/40 ((A-5-1)/(A-6-1)], to obtain an ethylene/a-olefin copolymer composition (L- 
2-1). 

45 Physical properties of the ethytene/a-olefin copolymer (A-6-1) are set forth In Table 23, and physical prop- 
erties of the ethylene/a-olefin copolymer composition (L-2-1) are set forth in Table 24. 

preparation of an ethylene copolymer composition] 

so The ethylene/a-olefin copolymer composition (L-2-1) and a high-pressure radical polymerization low-den- 
sity polyethylene (B-4-3) shown in Table 25 were dry blended in a mixing ratio of 90/10 [(L-2-1 )/(B-4-3)]. To 
the resultant blend were added 0.05 part by weight of tri(2,4-di-t-butylphenyl)phosphate as a secondary anti- 
oxidant, 0.1 part by weight of n-octadecyl-3-(4*-hydroxy-3\5'-di-t-butylphenyl)propionate as a heat-resistant 
stabilizer and 0.05 part by weight of calcium stearate as a hydrochloric acid absorbent, each based on 100 

55 parts by weight of the resin. Then, the resultant mixture was kneaded by a conical-tapered twin-screw extruder 
(produced by Haake Buchler Insturment inc.) at a preset temperature of 180 ^C, to obtain an ethylene copo- 
lymer composition. 
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[Film formation] 

The ethylene copolymer composition obtained in the above was subjected to inflation by the use of a sin- 
5 gle-screw extruder (20 mnrv^ L/D = 26) equipped with a die of 25 mvn^ (lip width: 0.7 mm) and a single-slit air 
ring under the conditions of an air flow rate of 90 l/min, an extrusion rate of 9 g/min, a blow ratio of 1.8. a take- 
up rate of 2.4 m/min and a processing temperature of 200 *'C, to form a film having a thickness of 30 ^m. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 26. 

10 

Reference Example 20 

From the ethyiene/a-olef in copolymer composition (L-2-1) prepared in Preparation Example 1 7. a film hav- 
ing a thickness of 30 \im was formed In a manner simitar to that of Example 34. 
IS Melt properties of the ethylene/a-olef in copolymer composition (L-2-1) and physical properties of the film 
formed from the composition are set forth in Table 26. 

As is evident from Example 34 and Reference Example 20, the ethylene/a-olef in copolymer composition 
was increased in the melt tension and the flow index within the high-shear region by blending it with a high- 
pressure radical polymerization low-density polyethylene, and the film formed from the composition containing 
20 the polyethylene was enhanced in the transparency. 

Example 35 

[Preparation of an ethylene/a-olef in copolymer composition] 

25 

An ethylene/a-olef in copolymer (A-5-2) (density: 0.909 g/cnn^) and an ethylene/a-olef in copolymer (A-6- 
2) (density: 0.943 g/cm^), each of said copolymers having been prepared in the same manner as described in 
Preparation Example 17 except for adjusting the comonomer amount to that set forth in Table 23, were melt 
kneaded in a weight ratio of 70/30 [(A-S-2)/(A-6-2)]. to obtain an ethylene/a-olef in copolymer composition (L- 
30 2-2). 

Physical properties of the ethylene/a-olef In copolymers (A-5-2) and (A-6-2) are set forth in Table 23, and 
physical properties of the ethylene/a-olef in copolymer composition (L-2-2) are set forth in Table 24. 

[Preparation of an ethylene copolymer composition] 

35 

The procedure for preparing the ethylene copolymer composition in Example 34 was repeated except for 
using the ethylene/a-oief in copolymer compositton (L-2-2). to prepare an ethylene copolymer composition. 

[Film formation] 

40 

From the ethylene copolymer composition obtained in the above, a film having a thickness of 30 urn was 
formed in a manner similar to that of Example 34. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 26. 

45 

Reference Example 21 
[Film formation] 

50 From the ethylene/a-olef in copolymer composition (L-2-2) prepared in Example 35, a film having a thick- 

ness of 30 [im was formed in a manner similar to that of Example 34. 

Melt properties of the ethylene/a-olef in copolymer composition (L-2-2) and physical properties of the film 
formed from the composition are set forth in Table 26. 

As is evklent firom Example 35 and Reference Example 21. the ethylene/a-oief in copolymer composition 
55 was increased in the melt tension and the flow index within the high-shear region by blending it with a high- 
pressure radical polymerization low-density polyethylene, and the film formed from the composition containing 
the polyethylene was enhanced in the transparency. 
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Example 36 

[Preparation of an ethyiene/a-olefin copolymer composition] 

An ethylene/a-oiefin copolymer (A-5-3) (density: 0.910 g/cnr^) and an ethylene/a-olefin copolymer (A-6- 
3) (density: 0.946 g/cm^), each of said copolymers having been prepared in the same manner as described in 
Preparation Example 17 except for adjusting the comonomer amount to that set forth in Table 23, were melt 
kneaded in a weight ratio of 60/40 [(A-5-3)/(A-6-3)], to obtain an ethylene/a-olefin copolymer composition (L- 
2-3). 

Physical properties of the ethylene/(a-olef in copolymers (A-5-3) and (A-&'3) are set forth in Table 23, and 
physical properties of the ethylene/a-olefin copolymer composition (L-2-3) are set forth in Table 24. 

[Preparation of an ethylene copolymer composition] 

The procedure for preparing the ethylene copolymer composition In Example 34 was repeated except for 
using the ethylene/a-olefin copolymer composition (L-2-3), to prepare an ethylene copolymer composition. 

[Film formation] 

From the ethylene copolymer composition obtained In the above, a film having a thickness of 30 ^m was 
formed in a manner similar to that of Example 34. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 26. 

Reference Example 22 

[Film formation] 

From the ethyiene/a-olefin copolymer composition (L-2-3) prepared in Example 36, a film having a thick- 
ness of 30 ^m was formed In a manner similar to that of Example 34. 

Melt properties of the ethylene/a-olefin copolymer composition (L-2-3) and physical properties of the film 
formed from the composition are set forth in Table 26. 

As is evident from Example 36 and Reference Example 22, the ethylene/a-olefin copolymer composition 
was increased in the melt tension and the flow Index within the high-shear region by blending it with a high- 
pressure radical polymerization low-density polyethylene, and the film formed from the composition containing 
the polyethylene was enhanced In the transparency. 

Comparative Example 10 

[Preparation of an ethylene/a-olefin copolymer composition] 

An ethylene/a-olefin copolymer (C-6) (density: 0.915 g/cm^) and an ethylene/a-olefin copolymer (C-7) 
(density: 0.933 g/cm^), each of said copolymers having been prepared in the same manner as described in 
Preparation Example 1 7 exceptfor replacing the zirconium catalyst system with a titanium type catalyst system 
described In Japanese Patent Publication No. 63(1 988)-54289, and varying the gas composition to that shown 
In Table 23, were melt kneaded in a weight ratio of 60/40 [(C-6)/(C-7)], to obtain an et hylene/a-olef in copolymer 
composition (L-2-4). Physical properties of the ethylene/a-olefin copolymer composition (L-2-4) are set forth 
in Table 24. 

[Preparation of an ethylene copolymer composition] 

The procedure for preparing the ethylene copolymer composition in Example 34 was repeated exceptfor 
using the ethylene/a-olefin copolymer compositton (L-2-4), to prepare an ethylene copolymer composition. 

[FOm formation] 

From the ethylene copolymer composition obtained in the above, a fflm having a thickness of 30 ^m was 
formed in a manner similar to that of Example 34. 
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Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
the composition are set forth in Table 26. 

The film obtained above was inferior in the transparency and the film impact to the film of Example 34 
5 formed from the ethylene/a-olefin copolymer composition (L-2-1) having almost the same density and MFR. 

Comparative Example 11 

From the ethylene/a-olefin copolymer composition (L-2-4) obtained in Comparative Example 10, a film 
having a thickness of 30 ^m was formed in a manner similar to that of Example 34. 

Melt properties of the ethylene/a-olefin copolymer composition (L-2-4) and physical properties of the film 
formed firom the composition are set forth in Table 26. 

It was confirmed from Comparative Example 10 and Comparative Example 11 that the film of Comparative 
Example 10 was less Increased in the transparency as compared with the film of Example 34. 

Comparative Example 12 

[Preparation of an ethylene copolymer composition] 

20 The procedure for preparing the ethylene copolymer composition in Example 34 was repeated except for 
using an ethylene/a-olefin copolymer (C-8) prepared in the same manner as described in Preparation Example 
17 except for adjusting the comonomer amount to that set forth In Table 23, to prepare an ethylene copolymer 
composition. 

25 [Film formation] 

From the ethylene copolymer composition, a film having a thickness of 30 ^.m was formed in a manner 
similar to that of Example 34. 

Melt properties of the ethylene copolymer composition and physical properties of the film formed from 
30 the composition are set forth in Table 26. 

The ethylene copolymer composition obtained in Comparative Example 12 was Inferior in the flow index 
within the high-shear region to the ethylene copolymer composition of Example 36 having almost the same 
MFR. Further, the film obtained in Comparative Example 12 was inferior in the film impact to the film formed 
from the ethylene copolymer composition of Example 34 using the ethylene/a-olefin copolymer composition 
35 (L-2-1 ) having alnrtost the same density and MFR as those of the ethytene/a-olef in copolymer (C-8). 
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Table 23 

5 





code NO . 


L>oiuononie£ 


Amount of 
comonomer 


Density 
g/cin3 


MFR 
g/lO min 


mi 
g/dl 


Tm 
^'C 


Formula 
<1) 


10 


A-5-1 


1-hexene 


4.8 


0.908 


0.77 


1 . 94 


93. 


6 


113 . 2 




A-5-2 


1-hexene 


4.7 


0.909 


0.46 


2.14 


97. 


4 


113.6 




A-5-3 


1-hexene 


4.8 


0.910 


0.60 


2.03 


96. 


8 


114 .0 


IS 


C-6 


1-hexene 


6.1 


0.915 


0.65 


2.00 


120. 


3 


116.0 




A-6-1 


1-hexene 


1.4 


0.938 


13.0 


1.12 


118. 


2 


125.2 




A-6-2 


1-hexene 


1.0 


0. 943 


229 


0.64 


118. 


9 


127.2 


20 


A-6-3 


1-hexene 


1.0 


0. 946 


240 


0.64 


119. 


5 


128.4 




C-7 


1-hexene 


2.8 


0.933 


19.2 


1.04 


128. 


0 


123.2 




C-8 


1-hexene 


2.8 


0.922 


2.0 


1.61 


115. 


0 


118.8 



25 



30 

Table 23 (continued) 



35 



Code No. 


MT 
9 


Formula 
(2) 


Decane-soluble 
portion 
weight % 


Formula 
(3) 


Unsaturated 
bond •! 


FI 


A-5-1 


2.4 


2.7 


0.51 


5,0 


0.08 


50 


A-5-2 


3.8 


4.2 


0.48 


4.5 


0.05 


30 


A-5-3 


2.7 


3.4 


0.49 


4.1 


0.09 


33 


C-6 


2.8 


3.2 


13.50 


2.5 


0.23 


140 


A-6-1 


0.1> 




0.32 


0.45 


0.15 


980 


A-6-2 


0.1> 




0,45 


0.70 


0.09 


17760 


A-6-3 


0.1? 


— 


0.40 


0.55 


0.10 


22300 


C-7 


0.1> 




2.20 


0.83 


0.28 


1480 


C-8 


0.8 


1.2 


0,20 


1.30 


0.07 


100 



Remark: Formula <1) : Tm < 400xd-250 



93 



EP 0 575 123 A2 



wherein Tm means the maximum peak temperature of the DSC 
* endothermic curve, and d means a density. 
Formula (2): MT ^ 2.2xMFR-o-" 
wherein MT means a melt tension at 190 "^C, and MFR means a 

10 

melt flow rate. 

Formula (3): W < SOxexp (-100 (d-0 . 88) ) +0 . 1 [under the 

15 condition of MFR^lOg/lOmin) , wherein W means a weight of a 
decane-soluble portion at room temperature. 

Formula (3): W < SOx (MFR-9) -0'26xexp (-100 (d- 

20 

0.88)) +0.1 [under the condition of MFR>10g/10min] , wherein 
W means a weight of a decane-soluble portion at room 

25 temperature. 

*1: the number of unsaturated bond in the ethylene/a- 

olefin copolymer based on 1,000 carbon atoms. 
30 A-5-1 " A-6-1 - A-6-3, C-8 : Zr type catalyst, 

gas phase polymerization 

C-6, C-7: Ti type catalyst, gas phase polymerization 

35 



Table 24 



40 



45 





Compo- 
nentA 


Component B 


Mixing ratio 


Density 


Melt property 


Code No. 


Code No. 


A/B (weight ra- 
tio) 


g/cm^ 


MFR g/IOmin 


MTg 




L-2-1 


A-5-1 


A-6-1 


60/40 


0.921 


2.0 


1.0 


170 


L-2-2 


A-5-2 


A-6-2 


70/30 


0.920 


1.3 


1.6 


150 


L-2-3 


A-5-3 


A-6-3 


60/40 


0.924 


2.3 


0.6 


360 


L-2-4 


C-6 


C-7 


60/40 


0.922 


2.0 


1.0 


360 



55 



94 



EP 0 575 123 A2 

Table 25 



10 



IS 



Hioh-pressure radical polymerization low-denaity polyethylene (Component B) 


Code 
Mo. 


MFR 

(g/10 

min) 


Mw/Mn 


*1 


*2 


Density 
(g/cm3) 


Physical property of film 


Haze 
% 


Gloss 
% 


Film impact 
kg* cm/ cm 


B-4-3 


0,50 


4.4 


10.2 


<0 


0.924 


7.4 


51 


1,750 



Remark : 

*1: value obtained by the formula 7 . Sxlog (MFR) +12 . 5 
*2: value obtained by the formula 7 . 5xlog (MFR) -1 .2 
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Table 26 
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Component 
I 


Component 
II 


Mixing ratio 


Melt property 


Code No . 


Code No. 


I/II 
weight ratio 


MFR 
g/10 min 


MT 

g 


FI 
s-1 


Ex. 34 


L-2-1 


B-4-3 


90/10 


1.8 


2.5 


190 


Ref. Ex. 20 


L-2-1 




100/0 


2.0 


1.0 


170 


Ex. 35 


L-2-2 


B-4-3 


90/10 


1.2 


3.2 


170 


Ref. Ex. 21 


L-2>2 




100/0 


1.3 


1.6 


150 


Ex. 36 


L-2-3 


B-4-3 


90/10 


2.0 


2.1 


380 


Ref. Ex. 22 


L-2-3 




100/0 


2.3 


0.8 


360 


Comp. Ex. 10 


L-2-4 


B-4-3 


90/10 


'l.8 


2.3 


370 


Comp. Ex. 11 


L-2-4 




100/0 


2.0 


1.0 


360 


Comp. Ex. 12 


C-8 


B-4-3 


90/10 


2.0 


2.2 


130 



55 
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Table 26 (continued) 





Physical property of film 


Haze 
% 


Film impact 
kg* cm/ cm 


Blocking force 
g/cm 


Moldability 
*2 


Ex, 34 


5.2 


6,200 


0 


BE 


Ref. Ex. 20 


25.9 


NB 08,500) 


0 


CC 


Ex. 35 


6.3 


NB 08,500) 


0 


AA 


Ref. Ex. 21 


18.7 


NB(>8,500) 


0 


CC 


Ex. 36 


6.1 


4,600 


0 


BB 


Ref. Ex. 22 


30.8 


6,730 


0 


CC 


Comp, Ex. 10 


11.5 


2,820 


6.7 


BB 


Comp. Ex. 11 


26.8 


3,500 


5.6 


CC 


Comp. Ex. 12 


3.2 


3,900 


0.2 


BB 



Remark : 

*1: NB means that the film is not broken. (8,500 
kg* cm/cm = measurable maximum film impact) 
Moldability *2: 

AA: MTi3, BB: 2<MT<3, CC: MT<2 



Claims 

1. An ethylene copolymer composition comprising: [A*1] an ethylene/a-olefin copolymer of ethylene with 
an a-olef in of 3 to 20 carbon atoms having such properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is In the range of 0.01 to 200 g/10 min. 

(iii) the temperature (Tm (""C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 X and the melt flow rate (MFR) satisfy the relatton 

MT>2.2xMFR-o-««, 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten co- 
polymer at 190 ""C reaches 2.4 x 10* dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR, and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at 23 ^'C and the density (d) satisfy the 
relation, 

in the case of MFR ^ 10 g/10 min, 
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W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9)o-26 x exp(-100(d-0.88)) + 0.1; 

and 

[B-1] a high-pressure radical polymerization low-density polyethylene having such properties that 
(1) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the molecular weight distribution (Mw/Mn, Mw = weight-average molecular weight, Mn = number- 
average molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 
Mw/Mn S 7.5 xlog(MFR)- 1.2; 
a weight ratio ([A-1]:[B-1]) between said ethylene/a-olef in copolymer [A- 1] and said high-pressure radical 
polymerization low-density polyethylene [B-1] being in the range of 99:1 to 60:40. 

An ethylene copolymer composition comprising: [A-1] an ethylene/a-olef in copolymer of ethylene with 
an a-olef in of 3 to 20 carbon atoms in an amount of 60 to 99 % by weight, said copolymer having such 
properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 *'C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min. 

(iii) the temperature (Tm (°C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 °C and the melt flow rate (MFR) satisfy the relation 

MT>2.2xMFR-o-w, 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten co- 
polymer at 190 ''C reaches 2.4 x 10^ dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR. and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at 23 **C and the density (d) satisfy the 
relation, 

in the case of MFR ^ 10 g/10 min, 

W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9y-» X exp(-100(d-0.88)) + 0.1; 

and 

[B-2] at least one crystalline polyolefin in an amount of 1 to 40 % by weight, said crystalline polyolefin 

being selected from the group consisting of: 

(B-l) an ethylene homopolymer or a copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms, 
prepared by using non-metallocene type catalyst, having a melt flow rate (MFR) of 0.01 to 100 g/10 
min at 190 °C under a load of 2.16 kg and a density of not less than 0.900 g/cm^. 
(B-ll) a propylene homopolymer or a copolymer of propylene with at least one olefin selected from ethy- 
lene and an a-olef in of 4 to 20 carbon atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 
230 under a load of 2.16 kg and a density of not less than 0.900 g/cm3, and 
(B-lll) a homopolymer of an a-olef in of 4 to 20 carbon atoms or a copolymer of a-olef ins of 4 to 20 carbon 
atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 230 ""C under a load of 2.16 kg and a 
density of not less than 0.900 gtcrv?. 

An ethylene copolymer composition comprising: 

[A-1] an ethylene/a-olef in copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms in an amount 
of 60 to 99 % by weight, said copolymer having such properties that 
(1) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 1 90 ''C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 

(iii) the temperature (Tm (X)) at which the endothermic curve of said copolynner measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 ''C and the melt flow rate (MFR) satisfy the relation 

MT>2.2xMFR-o-«*, 

(v) the flow index (Fl (I/sec)) defined by a shear rate which Is given when a shear stress of molten co- 
polymer at 190 ''C reaches 2.4 x dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR. and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at 23 and the density (d) satisfy the 
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relation, 

in the case of MFR ^ 10 g/10 min, 

W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR.9)0-2« X exp(.100(d-0.88)) + 0.1; 

and 

[B-3] an olefin type elastonner in an amount of 1 to 40 % by weight, said elastonner having such properties 
that 

(i) the density (d) is not more than 0.900 g/cm^, and 

(ii) the melt flow rate (MFR) at 190 *'C under a load of 2.16 kg Is in the range of 0.01 to 100 g/10 min; 
a density ratio ([B-3]/[A-1]) of the density of said olefin type elastomer [B-3] to the density of said ethy- 
lene/a-olefin copolymer [A-1] being less than 1. 

An ethylene copolymer composition comprising: pa] an ethylene/a-olefin copolymer composition which 
comprises [A-2] an ethylene/a-olef in copolymer of ethylene with an a-olefin of 3 to 20 carbon atoms in 
an anrK>unt of 5 to 95 % by weight and [A-3] an ethylene/a-oiefln copolymer of ethylene with an a-olefin 
of 3 to 20 carbon atoms in an amount of 5 to 95 % by weight, 

said ethylene/a-olef in copolymer [A-2] having such properties that 

(i) the density (d) is in the range of 0.880 to 0.940 g/cm^, 

(ii) the intrinsic viscosity [riA.2] as measured in decalin at 135 °C is in the range of 1.0 to 10.0 dl/g, 
(Hi) the temperature (Tm (""C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250. 

(rv) the melt tension (MT (g)) at 190 "C and the melt flow rate (MFR) satisfy the relatton 
MT>2.2xMFR-«-«*. 

(v) the flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of molten co- 
polymer at 190 °C reaches 2.4 x 10> dyne/cm^ and the melt flow rate (MFR) satisfy the relation 

Fl > 75 X MFR, and 

(vi) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation 

W < 80 X exp(-100(d-0.88)) + 0.1, 

said ethylene/a-olefin copolymer [A-3] having such properties that 
(I) the density (d) Is in the range of 0.910 to 0.960 g/cm^. 

(ii) the intrinsic viscosity [t^a. 3] as measured in decalin at 135 °C is in the range of 0.5 to 2.0 di/g. 

(iii) the temperature (Tm (°C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, and 

(iv) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation. 

in the case of MFR ^ 10 g/10 min. 

W < 80 X exp(-100(d-0.88)) * 0.1 

in the case of MFR > 10 g/10 min. 

W < 80 X (MFR.9)0'2« X exp(-100(d-0.88)) ♦ 0.1, 

said ethylene/a-olef in copolymer composition [la] having such properties that 

(i) the density ratio ([A-2]/[A-3]) of the density of said ethylene/a-olef in copolymer [A-2] to the density 
of said ethylene/a-olef in copoiymer [A-3] is less than 1, 

(ii) the intrinsic viscosity ratio ([tia- 2]/[i1a- il) of the intrinsic viscosity of said ethylene/a-olef In copolymer 
[A-2] to the intrinsic viscosity of said ethylene/a-olef in copolymer [A-3] is not less than 1. 

(iii) the density of said composition is in the range of 0.890 to 0.955 g/cm^ and 

(iv) the melt flow rate (MFR) of said composition at 190 *'C under a load of 2.16 kg is in the range of of 
0.1 to 100 g/10 min; 

and 

[ll-a] [B-1] a high-pressure radical polymerization low-density polyethylene having such properties that 

(i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the molecular weight distribution (Mw/Mn. Mw = weight-average molecular weight. Mn » number- 
average molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

Mw/Mn £ 7.5 x log(MFR) - 1.2; 
a weight ratio ([la]:[lla]) between said ethytene/a-olefin copolymer composition [la] and said high-pressure 
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radical polymerization low-density polyethylene [lla] being in the range of 99:1 to 60:40. 
An ethylene copolymer composition comprising: 

[A-A] an ethylene/a-olef in copolymer of ethylene with an a-olef in of 3 to 20 cart>on atoms having such 
properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/crn^. 

(ii) the melt flow rate (MFR) at 190 ''C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 

(iii) the temperature (Tm (^C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the nr^ximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (Ml (g)) at 190 ''C and the melt flow rate (MFR) satisfy the relatk>n 

MTS2.2X MFR-o w and 

(v) the amount (W (% by weight)) of a decane-soluble portion at 23 and the density (d) satisfy the 
relation, 

in the case of MFR £ 1 0 g/10 min, 

W < 80 X exp(-100(d-0.88)) * 0.1 

in the case of MFR > 10 g/10 min. 

W < 80 X (MFR-9)0-28 x exp(-100(d-0.88)) + 0.1; 

and 

[B-4] a high-pressure radical polymerization low-density polyethylene having such properties that 

(i) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the molecular weight distribution (Mw/Mn, Mw = weight-average molecular weight. Mn - number- 
average molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

7.5 X log(MFR) - 1.2 £ Mw/Mn £ 7.5 x log(MFR) ^ 12.5; 
a weight ratio ([A-4]:[B-4]) between said ethylene/a-olef in copolymer [A-4] and said high-pressure radical 
polymerization low-density polyethylene [B-4] being in the range of 99:1 to 60:40. 

An ethylene copolymer composition comprising: [A-4] an ethylene/a-olef in copolymer of ethylene with 
an a-olef in of 3 to 20 carbon atoms in an amount of 60 to 99 % by weight, said copolymer having such 
properties that 

(i) the density (d) is in the range of 0.880 to 0.960 g/cm^ 

(ii) the melt flow rate (MFR) at 190 ''C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 

(iii) the temperature (Tm (X)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 ''C and the melt flow rate (MFR) satisfy the relatk>n 

MT S 2.2 X MFR- 0-84, and 

(v) the amount (W (% by weight)) of a decane-soluble portion at 23 ''C and the density (d) satisfy the 
relation, 

in the case of MFR s 10 g/10 min, 

W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9y»-M X exp{-100(d-0.88)) ♦ 0.1; 

and 

[B-2] at least one crystalline polyolefin in an amount of 1 to 40 % by weight, said crystalline polyolefin 

being selected from the group consisting of: 
(B-l) an ethylene homopolymer or a copolymer of ethylene with an a-olef in of 3 to 20 carbon atoms, 
prepared by using non-metailocene type catalyst, having a melt flow rate (MFR) of 0.01 to 100 g/10 
min at 190 °C under a load of 2.16 kg and a density of not less than 0.900 g/cm^ 
(B-ll) a propylene homopolymer or a copolymer of propylene with at least one olefin selected from ethy- 
lene and an a-olef in of 4 to 20 carbon atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 
230 ''C under a load of 2.16 kg and a density of not less than 0.900 g/cm^. and 
(B-l II) a homopolymer of an a-olef in of 4 to 20 carbon atoms or a copolymer of a-olef ins of 4 to 20 carbon 
atoms, having a melt flow rate (MFR) of 0.1 to 100 g/10 min at 230 ""C under a load of 2.16 kg and a 
density of not less than 0.900 g/cm^. 

An ethylene copolymer composition comprising: [A-4] an ethylene/a-olefin copolymer of ethylene with 
an a-olef in of 3 to 20 carbon atoms In an amount of 60 to 99 % by weight, said copolymer having such 
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properties that 

(i) the density (d) is in the range of 0,880 to 0.960 g/cm^, 

(ii) the melt flow rate (MFR) at 1 90 °C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min. 

(iii) the temperature (Tm (""C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (Ml (g)) at 190 °C and the melt flow rate (MFR) satisfy the relatton 

MT^2.2xMFR-o w and 

(v) the amount (W (% by weight)) of a decane-solubte portion at 23 ''C and the density (d) satisfy the 
relation, 

in the case of MFR ^ io g/10 min, 

W < 80 X exp(-100(d-0.B8)) + 0.1 

in the case of MFR > 10 g/10 min, 

W < 80 X (MFR-9)0-2« X exp(-100(d-0.88)) + 0.1; 

and 

[B-3] an olefin type elastomer In an amount of 1 to 40 % by weight, said elastomer having such properties 

that 

(i) the density (d) is not more than 0.900 g/cm^, and 

(ii) the melt flow rate (MFR) at 1 90 ^'C under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min; 
a density ratio ([B-3y[A-4]) of the density of said olefin type elastomer [B-3] to the density of said ethy- 
lene/a-olef in copolymer [A-4] being less than 1 . 

An ethylene copolymer composition comprising: pb] an ethylene/a-olef in copolymer composition which 
comprises [A-5] an ethylene/a-olef in copolymer of ethylene with an a-olefin of 3 to 20 carbon atoms In 
an amount of 5 to 95 % by weight and [A-6] an ethylene/a-olef in copolymer of ethylene with an a-olefin 
of 3 to 20 carton atoms in an amount of 5 to 95 % by weight, 

said ethylene/a-olef in copolymer [A-5] having such properties that 

(i) the density (d) is in the range of 0.880 to 0.940 g/ctr\\ 

(ii) the intrinsic viscosity [iia-s] as measured in decalin at 135 ^'C is in the range of 1.0 to 10.0 dl/g, 

(iii) the temperature (Tm (""C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

(iv) the melt tension (MT (g)) at 190 •'C and the melt flow rate (MFR) satisfy the relatkjn 

MT S 2.2 X MFR- 0-84, and 

(v) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation 

W < 80 X exp(-100(d-0.88)) * 0.1. 

saki ethylene/a-olef in copolymer [A-6] having such properties that 

(i) the density (d) is in the range of 0.910 to 0.960 g/cm^. 

(ii) the intrinsic viscosity [TiA.e] as measured in decalin at 135 ^'C is in the range of 0.5 to 2.0 dl/g, 

(iii) the temperature (Tm (^'C)) at which the endothermic curve of said copolymer measured by a dif- 
ferential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation 

Tm < 400 X d - 250, and 

(iv) the amount (W (% by weight)) of a decane-soluble portion at room temperature and the density (d) 
satisfy the relation. 

in the case of MFR ^ 10 g/10 min. 

W < 80 X exp(-100(d-0.88)) + 0.1 

in the case of MFR > 10 g/10 min. 

W < 80 X (MFR-9)0-2« X exp(-100(d-0.88)) + 0.1, 

sakj ethylene/a-olef in copolymer composition [lb] having such properties that 

(i) the density ratio ([A-5]/IA-6]) of the density of sakJ ethylene/a-olef in copolymer [A-5] to the density 
of said ethylene/a-olef in copolymer [A-6] is less than 1, 

(ii) the intrinsic viscosity ratio ([twd/InA-e]) of the intrinsic viscosity of said ethylene/a-olef in copolymer 
[A-5] to the intrinsk: viscosity of said ethylene/a-olef In copolymer [A-6] Is not less than 1 , 

(iii) the density of said composition is in the range of 0.890 to 0.955 g/cm^ and 

(iv) the melt flow rate (MFR) of said composition at 190 ""C under a load of 2.16 kg is in the range of 
0.1 to 50 g/10 min; 

and 
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[lib] [B-4] a high-pressure radical polymerization low-density polyethylene having such properties that 
(I) the melt flow rate (MFR) is in the range of 0.1 to 50 g/10 min, and 

(ii) the molecular weight distribution (Mw/Mn, Mw = weight-average molecular weight, Mn = number- 
5 average molecular weight) measured by GPC and the melt flow rate (MFR) satisfy the relation 

7.5 X log(MFR) - 1.2 S Mw/Mn ^ 7.5 x log(MFR) + 12.5; 
a weight ratio ([lb]:[llb]) between said ethylene/a-def in copolymer composition [lb] and said high-pressure 
radical polymerization low-density polyethylene [lib] being in the range of 99:1 to 60:40. 
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